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QUICK REFERENCE GUIDE 


= NMOS 8-BIT MICROPROCESSOR 























HD6803 HD6809 HD6809E 
Type No. HD6802 HD6802W HD6803-1 HD68A09 HD68A09E 
HD68B09 HD68B09E 
1.0 (HD6803) | 1.0 (HD6809) | 1.0 (HD6809E) 
1.25 (HD68031) | 1.5 (HD68A09)! 15 (HD68A09E) 
2.0 (HD68B09) | 2.0 (HD68BO9E) 


Supply Voltage (V) 5.0 5.0 


. * 
eagren| aeen | som ck Pie 
RAM toys) | te | ee | te | 
DP-40 


Clock Frequency (MHz) 1.0 a 


Package DP-40 DP-40 DP-40 


elnternal oscillator and RAM 





DP-40 






















e Upward instruc-je The highest eFull software 






















added to the HD6800 tion compatibil-| version of the compatibility 
e32 byte RAM Battery backed ity with the HMCS6800 with the 
up possible HD6800 family HD6809 
ere eOn-chip SCI ePowerful ad- | eBus employ- 
. and timer dressing modes| ment on time 
eEasy relocat- sharing basis 
able/reentrant | eExternal clock 
programming 
MC6809 MC6809E 
Compatibility MC6802 MC6803 MC68A09 MC68A09E 
MC6803-1 MC68B09 MC68BO09E 
“ Wide Temperature Range (—40~+85°C) version is available. 
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Quick Reference Guide 


= CMOS 8&BIT MICROPROCESSOR 


Type No. HD63A03R HD63A03X HD63B03Y 
duct oat dhitsaed ioes HD63C03Y 
(HD6303R) (HD6303X) ; ona’ 
Clock Frequency (MHz) (HD63A03R) (HD63A03X) it ) 


2.0 (HD63B03Y) 
(HD63B03R) (HD63B03X) 3.0 (HD63C03Y) 


Supply Voltage (V) 


Externa! Memory Expansion (byte) a 
pack DP-40, FP-54 DP-64S, FP-80, DP-64S, FP-64, 
ackage CG-40, CP-52, CP-44 CP-68 CP-68 


@ On-chip timer and synchronous/asynchronous SCI 
Features @ Upward instruction compatibility with the HD6800 
@ Low power consumption modes (sleep and standby) 





. HD6305X2 HD6305Y2 cere 
ype No. HD63A05X2 HD63A05Y2 UDesCoole HD64180R/Z 
HD63B05X2 HD63B05Y2 
1.0 (HD6305xX2) 1.0 (HD6305Y2) HD63B09/E) 6.0 (HD64180R/Z-6) 
Clock Frequency (MHz) | 1.5(HD63A05X2) | 1.5 (HD63A05Y2) HD63CO9/E) 8.0 (HD64180R/Z-8) 
2.0 (HD63B05X2) | 2.0 (HD63B05Y2) 10.0 (HD64180R/Z-10) 


Supply Voltage (V) 5.0 


Operating Temperature* (°C) -20~ +75 -20~ +75 
a 





External Memory 
Expansion (byte) 512k/1M 


Package DP-64S, FP-64 DP-64S, FP-64 CP-44 ite 


* Software compatibility ¢ On-chip MMU, DMAC, 


ith D synchronous/ 
¢ On-chip timer and synchronous SCI e paar oeaiabier: Sec SCI and 
Features ¢ Powerful bit manipulation instruction : eee poe Tne ° Software compatibility 
e Low power consumption modes (wait, exiole sysiem with Z80/8080 
stop and standby) expansion capabilities | . R version—68/63, 80x 


¢ Powerful addressing 
mode 


interface 
e Z version—Z80 interface 
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Type No. HD64180S HD641180X HD643180X 


4.0 (HD641180X-4) 4 0 (HD643180X-4) 
6 0 (HD641180X-6) 6 0 (HD643180X-6) 
8.0 (HD641180X-8L) 8 0 (HD643180X-8L) 


RAM (ove ae ee 
Ewernal Memory 


CP-90S, FP-80B, 
CP-84 


Clock Frequency (MHz) 8.0 (HD64180SLP-8) 


10 0 (HD64180SLP-10) 



















DP-90S, FP-80G, 
CP-84 





Package CP-84 
















e Software e Software 








compatibility with compatibility with e Software compatibility 
Features HD64180R/Z HD64180R/Z with HD64180R/Z 
e 2-Channel Serial e No internal ROM ¢ 16K byte Mask ROM 
Interface (Romless) 


*Wide Temperature Range (~40~+85° C) version is available. 
cp/m® is the registered trade mark of Digital Research Inc. 
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HD647180X 


4.0 (HD647180X-4) 
6.0 (HD647180X-6) 
8.0 (HD647180X-8L) 


5.0 
-20~ +75 
512 


1M 


DP-90S, FP-80B, 
CP-84, CG-84 


¢ Software compatibility 
with HD64180R/Z 
¢ 16K byte PROM 


(415) 589-8300 
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= NMOS 16-BIT MICROPROCESSOR 











HD68000Y8 
HD68000Y 10 
HD68000-12 HD68000Y 12 


8.0(HD68000-8) | 8.0(HD68000Y8) 
10.0(HD68000-10)| 10.0(HD68000Y-10 
12.5(HD68000-12)| 12.5(HD68000 Y42 






HD68000-8 


Type No. HD68000-10 





HD68000P8 HD68000PS8 HD68000CP8 
8.0(HD68000P8) | 8.0(HD68000PS8) | 8.0(HD68000CPR8) 
5.0 


Operating Temperature (°C) 0~ +70 









Clock Frequency (MHz) 
Supply Voltage (V) 


Power Dissipation (W) 1.5 (f = 6MHz, 8MHz, 10MHz), 0.9 (f = 8MHz) 
1.75 (f = 12.5 MHz) 


Package PGA-68 DP-64 DP.64S CP-68 
Feature High performance MPU featuring 32-bit data processing function 


Compatibility MC68000L6 MC68000R6 MC68000P6 MC68000FN6 
MC68000L8 MC68000R8 MC68000P8 MC68000 FNS 


MC68000L 10 MC68000R 10 
MC68000L 12 MC68000R 12 





= CMOS 16-BIT MICROPROCESSOR 


HD68HC000-8 HD68HCOO00Y8 HD68HCOOOP8 HD68HCOOOPSS HD68HCOOOCR8S 
Type No. HD68HCO00- 10 HD68HCO000*10 HD68HCOO0OP 10 HD68HCOO0PS10 HO68HCOOOCR10 
HD68HCO00-12 HD68HCOOOY-4 2 HD68HCO0OR12 HD68HCOO0PS1 2 HD68HCOOOCR1 2 





Clock 8.0(HD68HC000-8 )} 8.0(HD68HCOOO¥S8 )} 8.0(HDE68HCOOORS )| 8.0(HD68HCOOOPS8 )| 8.0(HD68HCOOOCRS ) 
Frequency | 10.0(HD68HCO00-10)/ 10.0(HD68HCOOOY 10) |10.0(HDESHCOO0P40) |10.0(HD68HCOOOPS4 0) |10.0(HD68HCOO0CR4 0) 
12.5(HD68HCO000-12)} 12.5(HD68HCOOOY 1 2)|12.5(HD68HCOOOP4 2) |12.5(HDEBHCOOOPS4 2) |12.5(HD68HCOOOCP4 2) 


(MHz) 
Supply 
Voltage 5.0 
(V) 
Operating 
Tempera- 0~ +70 
ture (°C) 
Current 25 (f= 8 MHz) 
Dissipa- 30 (f= 10 MHz) 
tion (mA) 35 (f = 12.5 MHz) 
Package DC-64 PGA-68 DP-64 DP-64S CP-68 
Feature High performance MPU featuring 32-bit data processing function 
Compati- MC68HCOOOL8 MC68HCOOOR8 MC68HCO000G8 MC68HCOOOFN8 
bility MC68HCOOOL 10 MC68HCO00R10 MC68HC000G10 MC68HCOOOFN10 


MC68HCO00L12 MC68HCO00R12 MC68HC000G12 MC68HCOOOFN12 
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INTRODUCTION OF PACKAGES 





Hitachi microcomputer devices include various types of 
package which meet a lot of requirements such as ever smaller, 
thinner and more versatile electric appliances. When selecting a 
package suitable for the customers’ use, please refer to the 
following for Hitachi microcomputer packages. 


1. Package Classification 
There are pin insertion types, surface mounting types and 


Standard Outline 


Pin Insertion Type 


Package Classification 


Surface Mounting Type 


Multi-function Type 


DIP; DUAL IN LINE PACKAGE 


Shrink Outline 


Flat Package 


Chip Carrier 


EPROM on the Package 


multi-function types, applicable to each kind of mounting 
method. Also, plastic and ceramic materials are offered ac- 
cording to use. 

Fig. 1 shows the package classification according to the 
mounting types on the Printed Circuit Board (PCB) and the 
materials. 


PGA 


FLAT-DIP 


SOP (Plastic) 
asc FPP (Plastic) 
cc PLCC (Plastic) 
L 
(Glass Sealed Ceramic) 


ype 


S-DIP; SHRINK DUAL IN LINE PACKAGE 


PGA PIN GRID ARRAY 


FLAT-DIP; FLAT DUAL IN LINE PACKAGE 
FLAT-QUIP, FLAT QUAD IN LINE PACKAGE 


CC CHIP CARRIER 


SOP;SMALL OUTLINE PACKAGE 


FPP; FLAT PLASTIC PACKAGE 


PLCC; PLASTIC LEADED CHIP CARRIER 


LCC ;LEADLESS CHIP CARRIER 


Fig. 1 Package Classification according to the Mounting Type on the Printed Circuit Board and the Materials. 


2. Type No. and Package Code Indication 

Type No. of Hitachi microprocessor is followed by package 
material and outline specifications, as shown below. The package 
type used for each device is identified by code as follows, illus- 


Type No. Indication 


trated in the data sheet of each device. 
When ordering, please write the package code beside the type 
number. 


HDX X X XP 


(Note) The HD68000 with shrink type plastic DIP (DP-64S) has a dif- 
ferent type No. from other devices. 


reese, HD 68OQ000PS8 





Package Classification 
No indication : Ceramic DIP 


P ; Plastic DIP 

F ; FPP 

cP ; PLCC 

CG ; LCC 

Y : PGA (16-bit microcomputer device) 
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Introduction of Packages 


Package Code Indication 


DP—64S 


(Note) PGA packages of 16-bit microcomputer devices have a different indication. 


Package Code Indication; Pp G A- 6 8 










Materials 


P :Plastic 
G ;Glass Sealed 

ceramic 
C ;Ceramic 








Package Classification Number of Pins 


Date Code Indication 


2 


Assembly lot date code. 
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Introduction of Packages 


3. Package Dimensional Outline Table 1 according to the mounting method on the PCB. 
Hitachi microprocessor employs the packages shown in 


Table 1 Package List 












Method of Mounting Package Classification Package Material Package Code 
DP-40 
aii 
Standard Outline (DIP) 
co 
Pin Insertion Type 
DP-64S 
Shrink Outline 
Glass Sealed Ceramic PGA-68 
FP-54 
Flat Package FLAT-QUIP (FPP) Plastic Hiss 
FP-80 
FP80B 
CP-44 
urface Mounting Type CP-52 
PLCC Plastic CP-68 
Chip-Carrier CP-84 
CG-40 
LCC Glass Sealed Ceramic CG-84 


Unit : mm(inch) 


(0.575max.) 


-~ 
p.§ 
«0 
E 
S 
=) 
s 
=) 
—* 


5.08max 


2.54+0 25 
(0.100 + 0 010) (0 019+0 004) 


(0 100min.) 





@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 3 





Introduction of Packages 
Unit : mm(inch) 


82.04 (3.230) 
83.22max.(3:276max.) 


21.00 (0.827) 
(0.850max.) 


22.86 


| (0.900) | 


ec & 
2.54+0.25 0.48 +0.1 
(0.100 + 0.010) (0.019 + 0.004) 0*~ 45° e 


3 18min. 5.08max. 
(0 125min.) (0.200max.) 
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Introduction of Packages 


Ceramic DIP 


Unit : mm(inch) 


{|_102 22 86 
(0 040) (0 900) | 
Bk ; h | i AH Fo 
| , 


254min 5 08max 
(0 100min ) (0 200max ) 


02578 
(0 01028 $83) 





Shrink Type Plastic DIP 


eDP-64S 


Unit: mm(inch) 


57 6(2 268) 
58.6max.(2.307max.) 


18.2max 
(0.7! 7max ) 


yf ! i ‘ 
| 1.778 +0.25 9.2538 
0.48+0 10 ) 
(0070 +0 010) ee {9 01028 Be 


4 { 
(0 019+0 004) 





@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 5 





Introduction of Packages 


e DP-90S 


21.0(0.827) 


21.60 max 
(0.850max) 


020min) 


22.86 (0.900) 
4 
eant 


| 


(0.125min) (0.200max) 


x 

oO 

E 

© 

ees ae 
TT = wy 
£) £ 
E 

© 

> mM 


0.51m 


f 
vy 


]0.25(0.010)@} ~ 0.48+0.10 
M 
0.250.010 0.01940.004) 





Pin Grid Array 


Unit: mm(inch) 


22.86 +0.45 
(0.900 + 0.0187) 
§.08max. 2.54min. 
(0.200max.) (0.100min.) 
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Introduction of Packages 


Flat Package 


° FP-54 


Unit: mm(inch) 


256+04 
(1 008 + 0.016) 


ftom 





2 Imax 
(0 114max ) 










(+015 | 035+01 


(0 039 + 0 006) (0 014 +0 004) 9 15+005 
(0 006 + 0 002) 


17403 
(0 067 40.012) 


° FP-64 


25.6 +0.4(1 008 + 0 016) 





2 9max 
(0 11 4max ) 





(0 772+ 0.016) 





1+015 035+01 


(0 039 +0 006) (0014+0004) 0 oat) 





256+0 4(1 008+ 0016) 2 9max 
(0 114max ) 


(0 787) 


UOUNEEEUEL iL 


i 


l 
| 


AN UE 


(0 772 +0016) 


MAU DUDE EPL 


co 


08+015 035+01 9 15 +008 
(0.031 + 0 006) (0014+0 004) (9 006 +0 002) 
ERE ES Tee TEE, 


AU EEE Eee Pa . 
“ Ua ] WN) o= 15 


1 70 3(0 067 +0 
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Introduction of Packages 


¢ FP-80A 


17.2+0.3(0.677 +0.012) 


14.0(0.551) 2.90(0.114) max 


| 0.1(0.004) 
a rarer 


(STAND OFF) 


0.65(0.026 


17.2+0.3(0.677 £0.01 2) 
14.0(0.551) 


TOUINTNUONN » 6 


HICH) ) 
z 0.15+0.05 
0.30+0.05 || (ST 0.13(0.005)0 | aie eee 
: 0.002) 0.13(0.005)@ (0.006 + 0.002) 


| .60(0.063) 


Alo. 10(0.004) 0.8 0.8 


(0.031) (0.031) 


24.8+0.4(0.97640.016) 
20.0 (0.787) 


64 41 
IAAI 


EU 
0.8(0 031) | 


te 


14.0(0.551) 
AAA 


NO 


18.8+0.4(0.74040.016) 


TTT 
24 
(0.01 an i 2: ote-{]0. 15 (0.006) 


2.9max 

(0.114max) 
0.15+0.05 
(0.006+0.002) 


1,240.2, J 
(0.04740.008 


St SEE ee ae, 
Walelaiatatataltatatetetaetetatatatatatalstale 
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Introduction of Packages 


Plastic Leaded Chip Carrier 


Unit: mm(inch) 


17.5340.12(0.69040.005 


17.5340.12(0.690+0.005) 


CO 


15.50+0.50 


(0.17340.008) 


(0.100+0.006) 





@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 (415) 589-8300 9 








Introduction of Packages 
Unit: mm(inch) 


25.1540.12(0.994+0.005) 


(0.91040.020 


0.432010, }.27(0.050, 
(0.01740.004 
| 23.12+0.50 | 
(0.910+0.020) 


30,2340.12(1.19040.005) 


30.23£0.12(1.190+0.005) 


(0.100+0.006) 


Ae a 
CT 


28.2040.50(1.11040.020) 
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Introduction of Packages 





Leadiess Chip Carrier 


Unit: mm(inch) 


012.19 +0.3 


0.480+0.012 


2.35max 
(0.093max) 


Lnonnnnnnann ft 
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Introduction of Packages 


4. Mounting Method on Board 

Lead pins of the package have surface treatment, such as 
solder coating or solder plating, to make them easy to mount 
on the PCB. The lead pins are connected to the package by 
eutectic solder. The following explains the common connecting 
method of leads and precautions. 


4.1 Mounting Method of Pin Insertion Type Package 

Insert lead pins of the package into through-holes (usually 
about ¢0.8mm) on the PCB. Soak the lead part of the package 
in a wave solder tub. 

Lead pins of the package are held by the through-holes. 
Therefore, it is easy to handle the package through the process 
up to soldering, and easy to automate the soldering process. 
When soldering the lead part of the package in the wave solder 
tub , be careful not to get the solder on the package, because 
the wave solder will damage it. 


4.2 Mounting Method of Surface Mounting Type Package 

Apply the specified quantity of solder paste to the pattern 
on any printed board by the screen printing method, and put a 
package on it. The package is now temporarily fixed to the 
printed board by the surface tension of the paste. The solder 
paste melts when heated in a reflowing furnace, and the leads 
of the package and the pattern of the printed board are fixed 
together by the surface tension of the melted solder and the 
self alignment. 

The size of the pattern where the leads are attached, partly 
depending on paste material or furnace adjustment, should be 
1.1 to 1.3 times the leads’ width. 

The temperature of the reflowing furnace depends on pack- 
age material and also package types. Fig. 2 lists the adjustment 
of the reflowing furnace for FPP. Pre-heat the furnace to 150°C. 
The surface temperature of the resin should be kept at 235°C 
max. for 10 minutes or less. 


(1) The temperature of the leads should be kept at 260°C 
for 10 minutes or less. 

(2) The temperature of the resin should be kept at 235°C 
for 10 minutes or less. 

(3) Below is shown the temperature profile when soldering a 
package by the reflowing method. 


10 sec max 








235°C max 
140 ~ 160°C ee 


1 ~ 4°C/sec 


Temperature ——> 


1 ~ 5°C/sec 





Time -————> 


Figure 2 Reflowing Furnace Adjustment for FPP 


Ensure good heater or temperature controls because the 
material of a plastic package is black epoxy-resin which damages 
easily. When an infrared heater is used, if the temperature is 
higher than the glass transition point of epoxy-resin (about 
150°C), for a long time, the package may be damaged and the 
reliability lowered. Equalize the temperature inside and outside 
the packages by lessening the heat of the upper surface of the 
packages. 

Leads of FPP may be easily bent under shipment or during 
handling and cannot be soldered onto the printed board. If 
they are, heat the bent leads again with a soldering iron to re- 
shape them. 

Use a rosin flux when soldering. Don’t use a chloric flux 
because the chlorine in the flux tends to remain on the leads 
and lower the reliability of the product. 

Even if you use a rosin flux, remaining flux can cause the 
leads to deteriorate. Wash away flux from packages with 
alcohol, chlorothene or freon. But don’t leave these solvents 
on the packages for a long time because the marking may 
disappear. 


5. Marking 

Hitachi trademark, product type No., etc. are printed on 
packages. Case I and Case II give examples of marks and Nos. 
Case I applies to products which have only a standard type No. 
Case II applies to products which have an old type No. and a 
standard type No. 
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Introduction of Packages 


Case |; Includes a standard type No. 


(a) (b) 
Pree a, oT af ee one 
Pw er 
4 
© Ce 
a ae a El a a‘ 
»HDE8O09P 
© JAPAN 


Case 11; Includes an old type No. and a standard type No. 


© 7108 
- HD4@ego000P 
IAI BIAIN 
HD@S800P 





Meaning of Each Mark 


[el [ Hitch Trademark 
fier | tetCode | 
tc) | Standard Type No. 
(a) 
fe) 






Japan Mark 
Old Type No. 
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SOCKETS FOR EVALUATING SURFACE AND 


1. SOCKET LIST 


THROUGH-HOLE MOUNT PACKAGES 


Table 1 lists the sockets available on the market for evaluating the characteristics of surface and through-hole package devices. For details, please 
inquire directly to the socket manufacturer. 


Table 1 IC Socket List 


Package Type 
QFP 
PLCC 
DIP (Plastic) 


DIP (Plastic, Shrink) 


Dip (Ceramic) 
PGA (Glass Sealed Ceramic) 


LCC (Glass Sealed Ceramic) 


Package Code Socket Code 
FP-54 1C51-0544-517-2 


IC51-0644-472-2 
FPQ-64-1.0-08A 


1C51-0644-692-3 
FPQ-64-0.8-01A 


FP-64 


FP-64A 


IC51-0804-394-2 
FPQ-80-0.8-11A 


IC51-0804-819-1 
FPQ-80-0.8-11A 


FP-80 


FP-80B 
FPQ-80-0.8-13A 


CP-44 IC51-0444-400 
CP-52 1C51-0524-411 


IC51-0684-390 
PLCC-68-1.27-02 


PC1-084050-003 
IC51-0844-401-1 


IC37NR-4006-G4 





CP-68 


CP-84 
DP-40 


IC8620-6409-G4 
IC86-6409 


DP-64 


1C7620-64075-G4 
DP-64S IC38-64075-G4 


DP-90S IC 121-9009-G4 


DC-64 IC8620-6409-G4 


PC-68 PPS68-AG2D 


CG-40 240-5084-00-1102 


PC1-084050-003 
SHIM-0844-401-047 
IC51-0844-401-1 






CG-84 
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Manufacturer Name 
Yamaichi Denki 


Yamaichi Denki 
Enplas 


Yamaichi Denki 
Enplas 


Yamaichi Denki 
Enplas 


Yamaichi Denki Kogyo 
Enplas 
Enplas 


Yamaichi Denki Kogyo K.K. 
Yamaichi Denki Kogyo K.K. 


Yamaichi Denki Kogyo K.K. 
Enplas 


Nepenthe 
Yamaichi Denki Kogyo 


Yamaichi Denk! 
Yamaichi Denki Kogyo 
Yamaichi Denki 
Yamaichi Denki 
Yamaichi Denki Kogyo 
Yamaichi Denki Kogyo 
AUGAT 

TEXTOOL 


Nepenthe 
Nepenthe 
Yamaichi Denki Kogyo 
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DEVICE PACKING 


1. SHIPPING CONTAINERS AND HANDLING 
1.1 SHIPPING CONTAINER FORMS 

Figures 1 and 2 illustrate the shipping container forms for 
ordinary IC devices. Within the outer corrugated cardboard carton 
there are one or more inner cartons. These inner carton contain 
magazines, trays, or tape reels, which the IC devices are shipped in. 


Packing 
List 


PP band 


Magazine 


Transparent part Hard polysterene magazine 


Conductive flexible PC V (black) 


3 
oe ‘ E , Lt d chloroethylene magasioe 
TRAY, & LLergertaarbonfr 

MOS-PACK 


Non migeation plasticized 
sult chloroethylene stopper 
(gray) 


4 
IC (LSI) 





Plastic surface mount packages containing large chips can crack 
if they absorb moisture and are mounted by reflow soldering. These 
surface mount devices are packed with a moisture-proof material to 
prevent the packages from absorbing moisture during shipping and 
storage. 


Carton tape (blue) 





Carton 


Clear Plastic (anti-static) 
Be RRA HOI 


—S EY EES CE 
Clear Plastic (anti-static) 


Product 


Figure 1. Shipping Containers 
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Device Packing 


1.2 NOTES ON HANDLING 


(1) 


(2) 
(3) 


Handles the outer cardboard carton with care. Sudden drops or 
shocks can cause damage to the enclosed products. Be sure not 
to overstack the cartons. 

Prevent water leakage. Do not leave shipping containers outside 
or store them in high-temperature, high-humidity areas. 
Handle the inner cartons with care. Dropping a box may dis- 
lodge a magazine stopper, allowing devices to slide out in which 
care their leads may be deformed. Dropping may also cause 
damage to ceramic packages and cause leaks to air-tight seals. 
The surface of transparent vinyl-chloride magazines are treated 
with an antistatic coating to prevent static charge. Be aware of 
the following notes concerning this coating: 


1.3 PARTIAL SHIPMENTS PACKING 


16 
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4 


/ 


DIMENSION IN MM 


WxHxL 
250 x 250 x 500 
250 x 225 x 550 
175 x 150 x 550 


* Materials or placement may vary. 


© Water leakage will cause the anti-static material to peel off 
and lose it effectiveness. 

¢ The anti-static material may become sticky in high- 
temperature, high-humidity environments. 

¢ The anti-static material may warp over time; avoid storage 
beyond six months. Do not reuse the material. 

¢ Note that the surface resistance of transparent magazines is 
less than 1 x 10'° Ohms, and the surface resistance of black 
magazines is less than | x 10° Ohms. 

¢ Store vinyl-chloride trays between -25°C and +40°C. Both 
the shape and color may change in an environment above 
55°C. 


y <-—— Pink Foam* 
(Antistatic) 


Inner Box or 
MOS Pack 


Packing List* 


Label (Bar Coded)* 


DIMENSION IN INCHES 
WxHxl 


10 x 10 x 20 
10x 9x 22 
7x 6x 22 





Figure 2. Partial Shipments 
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Device Packing 


2. MOISTURE-PROOF (DRY PACK) PACKING AND HANDLING 


If a surface mount package is mounted with solder reflow after it ages are encased 1n vacuum packed moisture-proof (dry pack) pack- 
has absorbed moisture, then package cracks may occur. In order to ing material as shown in figure 3 The following sections describe 
prevent moisture absorption during shipping or storage, the pack- how to handle this material. 


Cp Sy — 


Stopper Magazine DIP or PLCC 
LSI 





de 


QFP LS! 





Band 





Desiccant 
Vapor-proof bag 


(containing aluminum foil) 














Water vapor-proof packing ZZ 


Inner case 


Figure 3. Vacuum Packed Moisture-Proof (Dry Pack) Packing 
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2.1 STORAGE METHOD: 

Storing packed ICs under inappropriate conditions can cause de- 
terioration in solderability and performance. Hitachi recommends 
that products in vacuum packed moisture-proof (dry pack) packing 
material be stored in tray boxed If this 1s not possible, packages 
should be stored under the following conditions: 

« Temperature’ 5 to 30°C 
e Humidity less than 60% RH 


Parts stored in unopened vacuum packed moisture-proof (dry 
pack) condition may remain solderable for three (3) to five (5) years. 


2.2 HANDLING AFTER OPENING: 

In order to prevent re-absorption after opening the moisture- 
proof material, store under the conditions listed above and reflow 
mount the packages within one week If the packages must be placed 
into storage again after opening, then scal in a new (non-moisture 
contaminated) silica gel (confirm with blue-colored indicator) and 
store under the conditions listed above Try to reseal in vacuum 
packed moisture-proof (dry pack) packing material 


3. PACKING SPECIFICATIONS FOR VARIOUS PACKAGES 
3.1 PACKING SPECIFICATIONS for DIP Packages 


Package Code 
(corresponding 
diagram) 


Illustration in 
figure 4(b) 


DP-40 

DP-64 

(DP-64S) 
DP-90S 


DC-64 (D) 


Quantity 


ICs/Magazine | IC/MOS Pack | Magazines/Inner Box 





2.3 BAKING BEFORE SOLDER REFLOW: 

Baking 1s necessary if the indicator of the silica gel does not 
appear blue-colored throughout; more than one week has elapsed 
since opening (even stored under the conditions listed above); or the 
affixed label indicates baking 1s required. 


2.4 RECOMMENDED BAKING CONDITIONS: 
Baking should be performed under the following conditions: 
¢ Temperature. 125°C 
e Duration: 16 to 24 hours 
The magazines, trays, and tape reels normally used for shipment 
are not heat-proof, therefore containers cannot be baked as shipped. 
Devices must first be transferred into a heat-proof container Heat- 
proof magazines and trays are currently under development. 
Tray labelled as heat-proof can be used, however do not bake with 
the moisture-proof bag Bake on a level plane to prevent sliding. 


Inner Box* Dimensions 
W x H x Linmm. and (inches) 


112.5 x 59.4 x 500 
(4144 x 23% x 20) 


75 x 59.4 x 500 
(3 x 2% x 20) 


80 x 16 x 240 
(3% x % x 9%) 


N/A 


Figure 4(a). Packing Specifications for DIP Packages “(see Fig 1, this section) 
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Device Packing 





Transparent hard chloroethylene magazine 
(with antistatic finish) 





Non migration plasticized 
soft chloroethylene stopper 


(gray) 
Qa 


Magazine board thickness: 0.8+0. 3mm 
Length: 500 + 2mm 


vo, 





Dimensional tolerance. +0. 5mm 


Illustration (A) 


Non migaration plasticized 
Soft chloroethy lene stopper Hard chlorethylene magazine 
(gray) (orange) 


Magazine board thickness: 1.040. 3mm 
Length: 495 + 3an 


(500 + 3am) 





Dimensional 
tolerance: 0.5mm 


Illustration (C) 


Figure 4(b). 






Hard polysterene magazine 


(black) OR 


Non migaration plasticized 
Soft chloroethylene stopper 
(gray) 


Gre 


Magazine board thickness: 1 0+0. 3mm 
Length: 495 + 3mm 


(500 t 3mm) 







Dimensional 
tolerance: £0.5mm 


IIlustration (B) 


Clear Plastic (anti-static) 


(anti-static) 


240.0 mm + 


Black Foam Cardboard 
(carbon treated) (Faraday) 


16.0 mm 
aan 


Pink Foam Cardboard 
(anti-static) (Faraday) 


Illustration (D) 





Packing Materials for DIP Packages 
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Device Packing 


3.2 QFP AND LCC PACKING SPECIFICATION 


Vinyl-Chloride 
(anti-static charge treated) 


















illustration (A)t IIlustration (B)t 
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Hlustration (C)t Illustration (D)t 


3158215 








312005x9=27941 
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Device Packing 





(5%, x 23% x 13) 
Figure 5. QFP and LCC Packing Specifications and Materials *(see Fig. 1, this section) 


Illustration i in Inner Box* Dimensions 
Package Code 
- IC/Tray Trays/Inner Box W x H x Lin mm. (in.) 
147 x 70 x 325 
ae roe <n es (5 x 2h x 13) 
147 x 70 x 325 
ds as se (x 2% x 19) 
FP-64A 147 x 70 x 325 
(534 x 23%, x 13) 
147 x 70 x 325 
sess sate a (6% x 2h x 19) 
FP-80B 147 x 70 x 325 
(5% x 234 x 13) 
147 x 70 x 325 


3.3 PACKAGE PACK SPECIFICATIONS 
PLCC PACKING SPECIFICATIONS 


Transparent part 






Hard polysterene magazine ee 


Conductive flexible PC V (black) 


Ee cae Conductive part 


Magazine board Magazine board Magazine board 
thickness: 0.8 + 0.3mm thickness: 1.1 + 0.8mm thickness: 0.8 + 0.3mm 
length: 495 + 3mm length: 495 + 3mm length: 495 + 3mm 


23.3 


Dimensional tolerance: + 0.56 mm Dimensional tolerance: + 0.5mm Dimensional tolerance: + 0.5 mm 
Iilustration (A) ilustration (B) illustration (C) 





Illustration j in Inner Box* Dimensions 
peeede eee Magazines/Inner Box W x H x Lin mm. (in.) 
(414 x 2% x 19%) 
(4% x 25% x 20) 
(44% x 25% x 20) 
OP-84 o | 6 | 


Figure 6. PLCC Packing Specifications and Materials *(see Fig. 1, this section) 
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Device Packing 


4.0 PACKING LABELS 


CUST PPRT 44.4444qq4q44qq4qqgag 
ELA 
EAE] |} HITACHI 
faa 44444444444444444444 ROM: 


I 844A 44d 4dddddddtdtadtd4444444 


CHAE A i Gpneppuc ns opnpreapna noe ODESS 
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Figure 7. Outer Box Label 
Figures 1 and 2 on pages 13 and 14 show the outer box label 
placement on the end and left adjacent side of the box. Placement is 
within one-half inch ('/2”) of the box’s corner. Figures 1 and 2 show 
the inner box label placement is on the end of the inner box. A 
packing list is afixed to the left adjacent side of the outer box’s end 
and next to the bar code label. 





——_ 










PIN: 
QTY: 
Date Code: 


Figure 8. Inner Box Label 
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RELIABILITY AND QUALITY ASSURANCE 





1. VIEWS ON QUALITY AND RELIABILITY 

Basic views on quality in Hitachi are to meet individual 
user’s purchase purpose and quality required, and to be at the 
satisfied quality level considering general marketability. Quality 
required by users is specifically clear if the contract specifica- 
tion is provided. If not, quality required is not always definite. 
In both cases, efforts are made to assure the reliability so that 
semiconductor devices delivered can perform their ability in 
actual operating circumstances. To realize such quality in 
manufacturing process, the key points should be to establish 
quality control system in the process and to enhance morale 
for quality. 

In addition, quality required by users on semiconductor 
devices is going toward higher level as performance of elec- 
tronic system in the market is going toward higher one and is 
expanding size and application fields. To cover the situation, 
actual bases Hitachi is performing is as follows; 

(1) Build the reliability in design at the stage of new product 
development. 

(2) Build the quality at the sources of manufacturing process. 

(3) Execute the harder inspection and reliability confirmation 
of final products. 

(4) Make quality level higher with field data feed back. 

(5) Cooperate with research laboratories for higher quality 
and reliability. 

With the views and methods mentioned above, utmost efforts 
are made for users’ requirements. 


2. RELIABILITY DESIGN OF SEMICONDUCTOR 

DEVICES 
2.1 Reliability Targets 

Reliability target is the important factor in manufacture 
and sales as well as performance and price. It is not practical to 
rate reliability target with failure rate at the certain common 
test condition. The reliability target is determined correspond- 
ing to character of equipments taking design, manufacture, 
inner process quality control, screening and test method, etc. 
into consideration, and considering operating circumstances 
of equipments the semiconductor device used in, reliability 
target of system, derating applied in design, operating condition, 
maintenance, etc. 


2.2 Reliability Design 

To achieve the reliability required based on reliability targets, 
timely sude and execution of design standardization, device 
design (including process design, structure design), design 
review, reliability test are essential. 
(1) Design Standardization 

Establishment of design rule, and standardization of parts, 
material and process are necessary. As for design rule, critical 
items on quality anid reliability are always studied at circuit 
design, device design, layout design, etc. Therefore, as long as 
standardized process, material, etc. are used, reliability risk is 
extremely small even in new development devices, only except 
for in the case special requirements in function needed. 
(2) Device Design 

It is important for device design to consider total balance 
of process design, structure design, circuit and layout design. 
Especially in the case new process and new material are em- 
ployed, technical study is deeply executed prior to device 


development. 
(3) Reliability Evaluation by Test Site 

Test site is sometimes called Test Pattern. It is useful method 

for design and process reliability evaluation of IC and LSI which 
have complicated functions. 
1. Purposes of Test Site are as follows; 

@ Making clear about fundamental failure mode 

@ Analysis of relation between failure mode and manufac- 
turing process condition 

@ Search for failure mechanism analysis 

e@ Establishment of QC point in manufacturing 

2. Effectiveness of evaluation by Test Site are as follows; 

@ Common fundamental failure mode and failure mecha- 
nism in devices can be evaluated. 

@ Factors dominating failure mode can be picked up, and 
comparison can be made with process having been experi- 
enced in field. 

@ Able to analyze relation between failure causes and manu- 
facturing factors. 

@ Easy to run tests. 

etc. 


2.3 Design Review 

Design review is organized method to confirm that design 
satisfies the performance required including users’ and design 
work follows the specified ways, and whether or not technical 
improved items accumulated in test data of individual major 
fields and field data are effectively built in. In addition, from 
the standpoint of enhancement of competitive power of prod- 
ucts, the major purpose of design review is to ensure quality 
and reliability of the products. In Hitachi, design review is 
performed from the planning stage for new products and even 
for design changed products. Items discussed and determined 
at design review are as follows; 

(1) Description of the products based on specified design 
documents. 

(2) From the standpoint of specialty of individual participants, 
design documents are studied, and if unclear matter is 
found, sub-program of calculation, experiments, investiga- 
tion, etc. will be carried out. 

(3) Determine contents of reliability and methods, etc. based 
on design document and drawing. 

(4) Check process ability of manufacturing line to achieve 
design goal. 

(5) Discussion about preparation for production. 

(6) Planning and execution of sub-programs for design change 
proposed by individual specialist, and for tests, experiments 
and calculation to confirm the design change. 

(7) Reference of past failure experiences with similar devices, 
confirmation of method to prevent them, and planning 
and execution of test program for confirmation of them. 
These studies and decisions are made using check lists 
made individually depending on the objects. 


3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR 
DEVICES 
3.1 Activity of Quality Assurance 
General views of overall quality assurance in Hitachi are as 
follows; 
(1) Problems in individual process should be solved in the 
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process. Therefore, at final product stage, the, potential 
failure factors have been already removed. 
(2) Feedback of information should be made to ensure satisfied 
level of process ability. 
(3) To assure reliability required as an result of the things 
mentioned above is the purpose of quality assurance. 
The followings are regarding device design, quality approval 
at mass production, inner process quality control, product 
inspection and reliability tests. 


3.2 Quality Approval 
To ensure quality and reliability required, quality approval 
is carried out at trial production stage of device design and 
mass production stage based on reliability design described at 
section 2. 
The views on quality approval are as follows; 
(1) The third party performs approval objectively from the 
standpoint of customers. 
(2) Fully consider past failure experiences and information 
from field. 
(3) Approval is needed for design change and work change. 
(4) Intensive approval is executed on parts material and pro- 
cess. 
(5) Study process ability and fluctuation factor, and set up 
control points at mass production stage. 
Considering the views mentioned above, quality approval 
shown in Fig. 1 is performed. 


3.3 Quality and Reliability Control at Mass Production 


For quality assurance of products in mass production, 
quality control is executed with organic division of functions 


Step 






aoa =e 
Specification 











Design 


Trial [ Materials, ae Parts Characteristics and 
Production Approval Appearance Reliability of Materials 
> Dimension and Parts 


Mechanical 
Electrical 
Others 


Electrical 








| Characteristics Approval | 


Function 
Voltage 
Current 


Others 
Appearance, 


[Quality Approval (1) 
Life Test 


Contents 
‘Characteristics of Material and 


Heat Resistance 









Characteristics 


Temperature 


| Reliability Test 


in manufacturing department, quality assurance department, 
which are major, and other departments related. The total 
function flow is shown in Fig. 2. The main points are described 
below. 


3.3.1 Quality Control of Parts and Material 

As the performance and the reliability of semiconductor 
devices are getting higher, importance is increasing in quality 
control of material and parts, which are crystal, lead frame, 
fine wire for wire bonding, package, to build products, and 
materials needed in manufacturing process, which are mask 
pattern and chemicals. Besides quality approval on parts and 
materials stated in section 3.2, the incoming inspection is, 
also, key in quality control of parts and materials. The in- 
coming inspection is performed based on incoming inspection 
specification following purchase specification and drawing, 
and sampling inspection is executed based on MIL-STD-105D 
mainly. 

The other activities of quality assurance are as follows: 
(1) Outside Vendor Technical Information Meeting 
(2) Approval on outside vendors, and guidance of outside 

vendors 

(3) Physical chemical analysis and test 

The typical check points of parts and materials are shown in 
Table 1. 


3.3.2 Inner Process Quality Control 

Inner process quality control is performing very important 
function in quality assurance of semiconductor devices. The 
following is description about control of semi-final products, 
final products, manufacturing facilities, measuring equipments, 


Purpose 













Confirmation of 













Confirmation of Target 
Spec. Mainly about 
Electrical Characteristics 









Dimension 





Confirmation of Quality 
and Reliability in Design 


Thermal Stress 
Moisture Resistance 


Mechanical 


Stress 


AL) ae 





[Quality Approval (2) I ee 


Mass 


Production = 


Figure 1 Fiow Chart of 





“Reliability Test 
Process Check same as 
|_Quality Approval (1) | 





Confirmation of Quality 
and Reliability in Mass 
Production 





Quality ee 
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Reliability and Quality Assurance 


circumstances and sub-materials. The quality control in the 
manufacturing process is shown in Fig. 3 corresponding to 
the manufacturing process. 
(1) Quality Control of Semi-final Products and Final Products 
Potential failure factors of semiconductor devices should be 
removed preventively in manufacturing process. To achieve it, 
check points are set-up in each process, and products which 
have potential failure factor are not transfer to the next process. 
Especially, for high reliability semiconductor devices, manu- 
facturing line is rigidly selected, and the quality control in the 
manufacturing process is tightly executed — rigid check in 
each process and each lot, 100% inspection in appropriate ways 
to remove failure factor caused by manufacturing fluctuation, 
and execution of screening needed, such as high temperature 
aging and temperature cycling. Contents of inner process 
quality control are as follows; 
@ Condition control on individual equipments and workers, 
and sampling check of semifinal products. 
Proposal and carrying-out improvement of work 
Education of workers 
Maintenance and improvement of yield 
Picking-up of quality problems, and execution of counter- 


Process 


inspection of 
Material and Parts 





Material, 
Parts 




















Devices 


eS eee Ea | 





! Manufacturing +‘ — 
| 
l I 
| | 
. ! 
: a 
! | 
l i 
! 
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100% Inspection 
! 


be a ee 


Products 
Products 
Inspection 


Receiving 


L—.— 
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= 
| Shipment Quality Information \ 
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t 
! 1 
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Claim 


Field Experience 
General Quality ( 
Information ! 


Quality Control 


Inspection on Material and 
Parts for Semiconductor 








Manufacturing Equipment, 
Environment, Sub-material, 
Worker Control 


Inner Process 
Quality Control 





100% Inspection on 
Appearance and Electrical 
Characteristic 


Sampling Inspection on 
Appearance and Electrical 
Characteristics 


Reliability Test 





measures 

@ Transmission of information about quality 

(2) Quality Control of Manufacturing Facilities and Measuring 
Equipment 

Equipments for manufacturing semiconductor devices have 
been developing extraordinarily with necessary high perform- 
ance devices and improvement of production, and are important 
factors to determine quality and reliability. In Hitachi, auto- 
matization of manufacturing equipments are promoted to im- 
prove manufacturing fluctuation, and controls are made to 
maintain proper operation of high performance equipments 
and perform the proper function. As for maintenance inspection 
for quality control, there are daily inspection which is perform- 
ed daily based on specification related, and periodical inspection 
which is performed periodically. At the inspection, inspection 
points listed in the specification are checked one by one not to 
make any omission. As for adjustment and maintenance of 
measuring equipments, maintenance number, specification are 
checked one by one to maintain and improve quality. 
(3) Quality Control of Manufacturing Circumstances and Sub- 

materials 
Quality and reliability of semiconductor device is highly 
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Figure 2 Flow Chart of Quality Control in Manufacturing Process 
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affected by manufacturing process. Therefore, the controls of 
manufacturing circumstances — temperature, humidity, dust — 
and the control of submaterials — gas, pure water — used in 


Table 1 Quality Control Check Points of Material and Parts 
(Example) 


manufacturing process are intensively executed. Dust control Material, 
is described in more detail below. Abed 
Dust control is essential to realize higher integration and 
higher reliability of devices. In Hitachi, maintenance and im- 
provement of cleanness in manufacturing site are executed Wafer 
with paying intensive attention on buildings, facilities, air- 
conditioning systems, materials delivered-in, clothes, work, etc., 
and periodical inspection on floating dust in room, falling dusts 
and dirtiness of floor. 
Mask 
3.3.3 Final Product Inspection and Reliability Assurance 
(1) Final Product Inspection 
Lot inspection is done by quality assurance department for Fine 
products which were judged as good products in 100% test, Wire for 
which is final process in manufacturing department. Though Wire 
100% of good products is expected, sampling inspection is Bonding 
executed to prevent mixture of failed products by mistake of 
work, etc. The inspection is executed not only to confirm that 
the products meet users’ requirement, but to consider potential 
factors. Lot inspection is executed based on MIL-STD-105D. Frame 
(2) Reliability Assurance Tests 
To assure reliability of semiconductor devices, periodical 
reliability tests and reliability tests on individual manufacturing 
lot required by user are performed. 
Ceramic 
Package 
Plastic 
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Figure 3 Example of Inner Process Quality Control 
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Figure 4 Process Flow Chart of Field Failure 
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1. INTRODUCTION 2. PACKAGE AND CHIP STRUCTURE 
Microcomputer is required to provide higher reliability and 2.1 Package 
quality with increasing function, enlarging scale and widening The reliability of plastic molded type has been greatly im- 
application. To meet this demand, Hitachi is improving the proved, recently their applications have been expanded to auto- 
quality by evaluating reliability, building up quality in process, mobiles measuring and control systems, and computer terminal 
strengthening inspection and analyzing field data etc.. equipment operated under relatively severe conditions and 
This chapter describes reliability and quality assurance data production output and application of plastic molded type will 
for Hitachi 8-bit and 16-bit multi-chip microcomputer based on continue to increase. 
test and failure analysis results. More detail data and new infor- To meet such requirements, Hitachi has considerably im- 
mation will be reported in another reliability data sheet. proved moisture resistance, operation stability, and chip and 


plastic manufacturing process. 
Plastic and ceramic package type structure are shown in 
Figure 1 and Table 1. 





(1) Ceramic DIP (2) Plastic DIP (3) Plastic Fiat Package 


Bonding wire 


Plastic 





Figure 1 Package Structure 


Table 1 Package Material and Properties 


Item Ceramic DIP Plastic DIP Plastic Flat Package 


Lead Tin plating Brazed Alloy 42 Solder dipping Alloy 42 or Cu Solder plating Alloy 42 
Die bond Au-Si or Ag paste 
Wire bond Ultrasonic Thermo compression 


Wire Au 
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2.2 Chip Structure 


Hitachi microcomputers are produced in NMOS E/D tech- in both types because of high reliability and high density. 
nology or low power CMOS technology. Si-gate process is used Chip structure and basic circuit are shown in Figure 2. 













Si-Gate N-channel E/D Si-Gate CMOS 














Source 





Drain Source Drain Source 


FET1 FET2 


N-channel 
DMOS 


N-channel 
MOS 





Figure 2 Chip Structure and Basic Circuit 


3. QUALITY QUALIFICATION AND EVALUATION 
3.1 Reliability Test Methods 


P-channel 
EMOS 


N-channel 
EMOS 











Reliability test methods shown in Table 2 are used to qualify and evaluate the new products and new process. 


Table 2 Reliability Test Methods 


Test Items _ __MIL'STD-8838 Method No. 


Operating Life Test 125°C, 1000hr 

High Temp, Storage Tstg max, 1000hr 

Low Temp, Storage Tstg min, 1000hr 

Steady State Humidity 65° C 95%RH, 1000hr 

Steady State Humidity Biased 85°C 85%RH, 1000hr 
Temperature Cycling -55 C~ 150° C, 10 cycles 
Temperature Cycling -20° C~ 125° C, 200 cycles 
Thermal Shock 0° C. ~ 100°C, 100 cycles 
Soldering Heat 260°C, 10 sec 

Mechanical Shock 1500G 0.5 msec, 3 times/X, Y, Z 
Vibration Fatigue 60Hz 20G, 32hrs/X, Y, Z 
Variable Frequency 20~2000Hz 20G, 4 min/X, Y, Z 
Constant Acceleration 20000G, 1 min/X, Y, Z 


Lead Integrity 225gr, 90° 3 times 
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2002,2 
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3.2 Reliability Test Result Table 9. There is little difference according to device series, as 
Reliability test result of 8-bit microprocessors is shown in the design and production process, etc. are standardized. 
Table 3 to Table 7, that of 16-bit microprocessors in Table 8, 


Table 3 Dynamic Life Test (8-bit microprocessor) 




















Device Type Sample Size Component Hours Failures 
HD6800 248000 0 
HD6802 153712 1* 
HD6809 85000 0 

"486712 oe a ia : 





* leakage current 


Estimated Field Failure Rate 
= 0.01% / 1000 hrs at Ta = 75°C 
(Activation Energy = 0.7eV, Confidence Level 60%) 





Table 4 High Temperature, High Humidity Test (8-bit microprocessor) (Moisture Resistance Test) 


(1) 85°C 85%RH Bias Test 


Bie a trae 








} 168 hes 






Device Type 500 hrs 1000 hrs 
HD6800P | 0/45 0/45 0/45 
HD6802P 0/38 0/38 
HD6809P 0/22 0/22 0/22 


Total ees el —_ [ONS 0/105” 0/105 =—sid| C108 


(2) High Temperature-High Humidity Storage Life Test 


Device Type - 168 hrs 500 hrs 1000 hrs - 






HD6800P 65°C 95%RH 0/22 
HD6802P 80°C 90%RH 0/22 
HD6802P 65°C 95%RH 0/38 
HD6809P 65°C 95%RH 0/45 


(3) Pressure Cooker Test 
(Condition ; 2atm 121°C) 


Device Type 


HD6800P 
HD6802P 







100 hrs 
0/22 


(4) MIL-STD-883B Moisture Resistance Test 
(Condition; 65°C ~ -10°C, over 90%RH, Vcc = 5.5V) 


Device Type 10 cycles - : 20 cycles i 7 40 cycles 


HD6800P 0/25 0/25 | 0/25 
HD6802P 0/25 0/25 0/25 
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Table 5 Temperature Cycling Test (8-bit microprocessor) (~55°C ~ 25°C ~ 150°C) 


| 10 cycles | 100 cycles 






200 cycles 





Device Type 





HD6800P 0/453 0/44 0/44 
HD6802P 0/77 
HD6809P 0/45 





Table 6 High Temperature, Low Temperature Storage Life Test (8-bit microprocessor) 
| Temperature 


-55°C 0/76 | 0/76 


Table 7 Mechanical and E iconmentss Test (8- bit microprocessor) 






MPU total 


Plastic DIP Flat Plastic Package 


Sample Size Sample Size Failure 
0 


Test Item Condition 


| 7 0°C ~ 100°C 
Soldering Heat 260°C, 10 sec. 


° 
Salt Water Spray - < NaC! 5% 
Pr RNARAIANERT BRIER 
Solderability rad oe as 


75cm, maple board 
3 times 


1500G, 0.5 ms 
3 times/X, Y, 2 


60 Hz, 20G 
32 hrs/X, Y,Z 
100 ~ 2000 Hz 
20G, 4 times/X, Y, Z 


225 g, 90° 
Bonding 3 times 





0 
0 


o 





Drop Test 










Mechanical Shock 









Vibration Fatigue 







Vibration Variable Freq. 












Lead Integrity 
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Table 8 Dynamic Life Test (16-bit microprocessor) 


NS ae 
125°C 5.5V 0/62 0/62 
150°C 5.5V 0/52 0/52 

Estimated Field Failure Rate 


= 0.013%/1000 hrs at Ta = 76°C 
(Activation Energy 0.7eV, Confidence Level 60%) 









Device Type 1000 hrs 





Table 9 Mechanical and Environmental Test (16-bit microprocessor) 


Device Type 








Test Item 
Storage 
Low Temperature Storage Ta = -55°C, 1000 hrs Po a2 0 
Temperature -§5°C ~ 25°C ~ 150°C 
Cycling (1) 10 cycles 0 
Temperature ~20°C ~ 25°C ~ 125°C 
Cycling (2) 500 cycles 0 
Thermal -55°C ~ 125°C 
Shock 15 cycles 0 
Soldering heat 260°C, 10 sec a Ta 
Solderability 230°C, 5 sec a 0 
Mechanical 1500G, 0.5 msec 
Shock 3 times/X, Y, Z 0 
Vibration 20 ~ 2000 Hz, 20G 
Variable Freq. 3 times/X, Y, Z 0 
Constant 20000G 0 
Acceleration 1min/X, Y, Z 
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4. PRECAUTION 
4.1 Storage 

It is preferable to store semiconductor devices in the follow- 
ing ways to prevent detrioration in their electrical charac- 
teristics, solderability, and appearance, or breakage. 

(1) Store in an ambient temperature of 5 to 30°C, and in a 
relative humidity of 40 to 60%. 

(2) Store in a clean air environment, free from dust and active 
gas. 

(3) Store in a container which does not induce static electric- 
ity. 

(4) Store without any physical load. 

(5) If semiconductor devices are stored for a long time, store 
them in the unfabricated form. If their lead wires are 
formed beforehand, bent parts may corrode during storage. 

(6) If the chips are unsealed, store them in a cool, dry, dark, 
and dustless place. Assemble them within 5 days after un- 
packing. Storage in nitrogen gas is desirable. They can be 
stored for 20 days or less in dry nitrogen gas with a dew 
point at -30°C or lower. Unpacked devices must not be 
stored for over 3 months. 

(7) Take care not to allow condensation during storage due to 
rapid temperature changes. 


4.2 Transportation 

As With storage methods, general precautions for other 
electronic component parts are applicable to the transporta- 
tion of semiconductors, semiconductor-incorporating units 
and other similar systems. In addition, the following considera- 
tions must be given, too: 


(1) Use containers or jigs which will not induce static electric- 
ity as the result of vibration during transportation. It is 
desirable to use an electrically conductive container or 
aluminium foil. 

(2) In order to prevent device breakage from clothes-induced 
static electricity, workers should be properly grounded with 
a resistor while handling devices. The resistor of about 1 M 
ohm must be provided near the worker to protect from 
electric shock. 

(3) When transporting the printed circuit boards on which 
semiconductor devices are mounted, suitable preventive 
measures against static electricity induction must be taken; 
for example, voltage built-up is prevented by shorting 
terminal circuit. When a belt conveyor is used, prevent the 
conveyor belt from being electrically charged by applying 
some surface treatment. 

(4) When transporting semiconductor devices or printed circuit 
boards, minimize mechanical vibration and shock. 


4.3 Handling for Measurement 

Avoid static electricity, noise and surge-voltage when semi- 
conductor devices are measured. It is possible to prevent break- 
age by shorting their terminal circuits to equalize electrical 
potential during transportation. However, when the devices are 
to be measured or mounted, their terminals are left open to 
provide the possibility that they may be accidentally touched 
by a worker, measuring instrument, work bench, soldering iron, 
belt conveyor, etc. The device will fail if it touches something 


which leaks current or has a static charge. Take care not to. 


allow curve tracers, synchroscopes, pulse generators, D.C. 
stabilizing power supply units etc. to leak current through their 
terminals or housings. 

Especially, while the devices are being tested, take care not 


to apply surge voltage from the tester, to attach a clamping 
circuit to the tester, or not to apply any abnormal voltage 
through a bad contact from a current source. 

During measurement, avoid miswiring and short-circuiting. 
When inspecting a printed circuit board, make sure that no 
soldering bridge or foreign matter exists before turning on the 
power switch. 

Since these precautions depend upon the types of semi- 
conductor devices, contact Hitachi for further details. 


4.4 Soldering 

Semiconductor devices should not be left at high tempera- 
tures for a long time. Regardless of the soldering method, 
soldering must be done in a short time and at the lowest pos- 
sible temperature. Soldering work must meet soldering heat test 
conditions, namely, 260°C for 10 seconds and 350°C for 3 
seconds at a point 1 to 1.5 mm away from the end of the device 
package. 

Use of a strong alkali or acid flux may corrode the leads, 
deteriorating device characteristics. The recommended soldering 
iron is the type that is operated with a secondary voltage sup- 
plied by a transformer and grounded to protect from lead 
current. Solder the leads at the farthest point from the device 
package. 


4.5 Removing Residual Flux 
To ensure the reliability of electronic systems, residual flux 
must be removed from circuit boards. Detergent or ultrasonic 
cleaning is usually applied. If chloric detergent is used for the 
plastic molded devices, package corrosion may occur. Since 
cleaning over extended periods or at high temperatures will 
cause swollen chip coating due to solvent permeation, select the 
type of detergent and cleaning condition carefully. Lotus 
Solvent and Dyfron Solvent are recommended as a detergent. 
Do not use any trichloroethylene solvent. For ultrasonic clean- 
ing, the following conditions are advisable: 
@ Frequency: 28 to 29 kHz (to avoid device resonation) 
@ Ultrasonic output: 15W/2 
e@ Keep the devices out of direct contact with the power 
generator. 
@ Cleaning time: Less than 30 seconds 
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®# PROGRAM DEVELOPMENT AND SUPPORT SYSTEM 


OF 8-BIT/16-BIT MICROPROCESSOR H680SD200 loads a universal OS, CP/M-68K® developed 
H680SD200 is prepared as system development device to jointly with Digital Research Inc. and operates with the exist- 
develop software and hardware of various types of microcom- ing CP/M~. 
puter system. 
Fig. 1 shows the program development procedure using this *CP/M® and CP/M-68K® are registered trademarks of Digital 
system development device. Research Inc. 
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Fig. 1 Program Development Procedure 
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Program Development and Support System 
Table 1 System Development Equipment SD200 


* Single user Operating System 
—_ CP/M-68K S680CPM3F | * 68000 Assembler, C compiler, Screen editor and 
Linker are included 











: Interface Program between the SD200 and theVAX-11. 
* File transfer function. 
* VT52 Terminal Emulation. 


VAX—11 
Interface Program 


S680CLC3F Option 


DATA 1/O 
—- EPROM Programmer 
interface Program 


* Interface Program between the SD200 and the 
SeeeeP nr DATA 1|/O EPROM Programmer model 22/29. 
PKW-1000/7000 
EPROM Programmer 
Interface Program 


* Interface Program between the SD200 and the 
PKW-1000/7000 EPROM Programmer (Aval Corp. 
Japan). 


FORTRAN S680CFRIF | - FORTRAN Compiler. (Subset of FORTRAN77) Option 
Super PL/H S680CPL1F | + Super PL/H Compiler. Option 
16-bit 
MPU . ; 
HDe8000 : . Symbolic Debugger for programs written in 68000 Option 
ymbolic Debugger S680CSD2F Assembler or Super PL/H. 
64180ASE S180CASIF | - Realtime in-circuit Emulator for 64180. oe 
8 bit 6305/63L05/6805 - 63052/63L05/6805 Macro Assembler. : 
MPU/MCU Macro Assembler S35XAS6-F * Linkage editor is included. Option 
630 1/6801/6800 : * 6301/6801/6800 Macro Assembler. 
Macro Assembler Sl APSes * Linkage editor is included. pve 


6301 


S680CPK2F 









S31CCLN-F | * C Compiler for 6301(6303). Option 


C Compiler 
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Table 2 Cross System 


* 6305/63L05/6805 Assembler. 
6305/63L05/6805 * Object code is absolute address format. 


MPU Machine 


Assembler * Conditional assemble function. 


* 6305/63L05/6805 Assembler. 


CP/M 6305/63L05/6805 * Object code is absolute address format. 
Assembler * Conditional assemble function. 
* 6301/6801 Assembler. 
6301 Assembler * Object code is absolute address format. 
* Conditional Assemble function. 
* 6301/6801 Assembler. 
CP/M 6301 Assembler * Object code is absolute address format. 
* Conditional Assemble function. 
* * 6301 Macro Assembler. 
ate Assembler SeUpetr * Linkage Editor is included. 
1BM-PC PC-DOS 
6305 Macro Assembler. 
vee Assembler 


* Linkage Editor is included. 





8-bit MCU 
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Table 3 Third Parties’ Products 


Assemblers for HITACHI’s microcomputers are provided by products listed below. Please contact those venders directly if 
the other companies. Hitachi introduce some venders and their you have questions or requests to purchase these products. 


Vender Name OS/System Product Code 
6301 Assembler ASM68 
6305 Assembler ASMO5 


6809 Assembler ASM69 
68000 Assembler ASM68K 
VAX11 


64180 Assembler ASM180 









64180 Simulator INT180 
MICROTEC ciecanieeeemnTene 
5O5W Olive, Suite 325 MCC180 
Sunnyvale, CA94086 
(408)733-2919 U.S.A. PAS180 


6301 Assembler ASM68 
6305 Assembler ASMO5 
iBM-PC 


64180 Assembler ASM180 
64180 C MCC180 
64180 Pascal PAS180 


6301 Assembler 
CAMELOT 
79 London Road 
Knebworth Herts, 
SG3 6HG, 
England 6305 Assembier 
Stevenage (0438) 812215 


6800/6801/6301 CP/M 
804 South State St. — 
Dover, DE19901 : CP/M : 
(302) 734-0151 6805 Assembler MS-DOS, CP/M-86 XASM-05 
U.S.A. , 
6309/6809 : CP/M : 
CP/M : 
64180 Assembler MS-DOS, CP/M-86 XASM-180 
MICROWARE SYSTEMS CORPORA- 6309/6809 
TION Assembler 
5835 Grand Avenue 
Dos Moines, |A50312 68000/68HCO000 
(512) 279-8844 U.S.A. Assembler 


IBM-PC 


KCRS 


*Under development 
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® Development System for 4-Bit, 8-Bit, and 16-Bit 

Microcomputers <H680S D200> 

The H680SD200 is a development system for Hitachi 4-bit, 
8-bit and 16-bit microcomputers. It is a desktop system in 
which a 16-bit microprocessor HD68000 is loaded as the CPU. 
Its standard system configuration includes a CRT, a keyboard, 
and two floppy disk drives. An assembler, compiler, and in- 
circuit emulator (ASE) associated with the user’s MCU are 
available as options. 


APPLICABLE DEVICES 

@® HMCS400 series 

® HD6305U, HD6305V 

HD6301V, HD6301X, HD6301Y 

HD64180 

@® HD68000, HD68HC000 

(Other 4-bit and 8-bit microcomputers will be supported in the 
future ) 


® FEATURES 

@ Adopts general CP/M-68K® operating system 

® Two internal 8 inch floppy disk drives (double-sided, double- 
density) and a 40M byte hard disk (available as an option) 
make it possible to provide substantial external memory. 

@ Since CRT editor (screen editor) is included in the standard 
system, efficient programming, editing, and debugging of 
source programs are possible. 

@ C compiler for HD68000 is included. FORTRAN and Super 
PL/H for HD68000 and C Compiler for HD6301 (HD6303) 
are available as options. 

@ User prototype system can easily be debugged using incircuit 
emulator (ASE) associated with the user’s MCU. 

@ With connection of VAX-11™% to RS-232C interface, 
H680SD200 operates as VAX-11® (OS, VMS) work station. 

@ When 2M byte memory board is connected, high-speed 
operation can be realized. 

@ Following interface are included 
(1) EPROM programmer 
(2) Printer (Centronics specification) 

(3) Serial interface emulator for 4-bit and 8-bit single chip 
microcomputers 


*cp/m© is a registered trade mark of Digital Research Inc. 
**VAX-1 1® is a registered trade mark of Digital Equipment Corp. 
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HD64180 THIRD-PARTY DEVELOPMENT TOOLS 


Product: Cross-Assemblers and Cross-Compilers 


Company 


American Automation 


(714-731-1661) 
Microtec Research 
(408-733-2919) 

Avocet Systems 
(800-448-8500) 
2500AD Software 
(303-369-5001) 
BSO 


(617-894-7800) 
Sumuitronics 
(408-737-7683) 
SLR Systems 
(800-833-3061) 
Uniware/SDS 
(312-971-8170) 
Softaid 
(800-433-8812) 
Allen Ashley 
(818-793-5748) 


ASM S/W SIM CCOMP PASCAL 
vil vil VA 

vil VAN vil Vil 
Cil Ci 

Ci 

Vv V v Vv 

Vv 

C 

V 


{i = IBM-PC, V = VAX, C = CP/M] 


Product: Support Tools 


Company 


Electronic Molding 
(401-769-3800) 

Robinson Nugent 
(812-945-0211) 


Yamaiche/Nepenthe 


(415-856-9332) 


Methode Electronics 


(312-392-3500) 
TSI, Inc 

(800-874-2288) 
Micromint 

(800-635-3355) 


Product Description 


Shrink-DIP Adapter for Breadboarding 
P/N 28764-72-341 
Shrink-DIP Socket 
P/N TSS-6475-TNG 
Shrink-DIP Socket P/N IC 38-64075-G4 
S-D Test Socket P/N IC 76-64075-G4 
PLCC Adapter for Hitachi's ASE 


64180 IBM-PC Card with OSD80 Remote 
Software Debugger 

64180 Evaluation Board 
P/N SB180 


Product: Operating Systems 


Company 


Echelon 
(415-948-3820) 
JMIt Software 
(215-628-0840) 
Oecmation 
(408-980-1678) 
Hunter & Ready 
(415-326-2950) 
IPI 
(516-938-6600) 


Type of Operating System 

ZCPR3 (CP/M) 

C Executive/80 Multi-Tasking Kernel 
Quick-Task Realtime Executive 
VRTX/80 Multi-Tasking Kernel (280) 


MTOS/80 Multi-Tasking Kernel (Z80) 


HITACHI ORDERING INFORMATION 


Part Number 


H180ASE02 
H680SM01S 
H180ABX 


H180CP01 
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Description 


Adaptive System Evaluator, ASE-II 

256K Byte Emulation Memory Board (Option) 
8 MHz Buffer Box for ASE-1 User, 

includes V2.0 System Software 

PLCC-68 MPU Adapter for 1 Mbyte 
Addressing (Option) 


BASIC 
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SOFTWARE 


jseeren | inch 
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ASE (Adaptive System Emulator) 
User Cable 


Emulation Memory 
Board up to 64K Byte 
Emulation Memory Board 


Evaluation Board 


Programming Socket Adapter 





Programming Socket Adapter 


Programming Socket Adapter 


Cross Assembler (IBM-PC) 





C Compiler (IBM-PC) 








Data Sheet 


Hand Book 





Specification Sheet 


Hardware Manual 
Product Brief 


HD6303R 


HS31VEMLO4H(1) 
(H31MIX4)(2) 


S31IBMPC(S) 
US31PCLISF 


M21T006 
M21T 132 


M21T019(5) 


HD6303Y 
HS31XEMLO2H(1) | HS31YEMLO3H(1) 
(H31MIX2)(2) (H31MIX3)(2) 


H64EMB02 


S31 IBMPC(3) 
US31PCLI1SF 


M21T006 
M21T132 


M21T019(5) 


M21T006 
M217 132 
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H64EMB02 


HS31YESS11H 


$31IBMPC(S) 
US31PCLI1SF 


M21T019(5) 


HD6305X2 


HD64180R HD64180S 


HD6305Y2 


HD35YEMLOSH(1) 
(H35MIX5)(2) 





HD180ABX02H(4) | HS180ABX05H(4) 


HS180ASTO1H HS180AST01H 


HS180ACUC1H 


H680SM01S(6) H680SM01S(6) 


S35IBMPC(S) 


M21T006 
M21T132 


M21T020(5) 


M21T132 M21T132 


M21T011 M21T013 


M21T053 M21T053 


M21T025 
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Device Availability 













HD641180X 

HD643180X HD64180Z HD648180W* HD6309** HD68HC000** HD68000** HD6802"* HD6803 HD6809** 
HD647180X 

HS180ABX04H(4) | HS180ABX03H(4) i HGIEVT2(1) 


HS180AST01H HS180AST01H ft 2 


H680SM01S(6) | H680SM01S(7) 


HS18XESFO1H 
HS18XESCO1H 









HS18XESS01H 
HS18XESG01H 


M21T132 M21T132 M21T006 
M21T132 1T132 


M21T132 M21T132 M21T132 M21T132 


wore | warn | 


wen | Werres ans 


(Note) 1. Emulator includes an RS-232 port for connection to |BM PC or PC compatible machines. Software not included. 
2. Same as footnote (1) above, but shipped with cross assembler (8” floppy disk) that operates with Hitachi’s H68SD5 development system. 
3. Developed by one of Hitachi’s engineering subsidiaries Cross assembler include software utility to download/upload code between PC host 
and emulator. 
. Must be used with ASE station (P/N: HS180AST01H) 
. Includes user’s manual, hardware and software application notes, and other relevant information 
. 64K bytes user memory is provided in standard configuration. Can be expanded up to 512K bytes. Maximum of two 256K byte memory 
boards can be installed (optional). 


M21T026 





ons 


*Contact Marketing. 
**Refers to third-party support tools. 
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po Nad 
wea x OM SEO 





ee 


aes, . 


CROSS annem roeceiin 
Assembler 





EPROM On-Package LSI 





Programming eee Emulator 


Socket Adapter 
Typical Support Tools for HD6303/05 Series 

M@ SINGLE-CHIP MICROCOMPUTER SUPPORT SYSTEMS @® Real-time tracing ts possible on most emulators, the emulator 

Hitachi and its engineering subsidiaries make hardware and soft stores and dinplays bus data and external signals for up to 1011 
ware support tools to operate with many popular host computers and machine cycles on some emulators, or 2035 machine cycles on 
expedite the development of the microcomputer-based target sys- other emulators before and after the address where a breakpoint 
tem. The support system includes in-circuit emulators, cross asseni- 1s Set 
blers, passive socket adapters for easily programming EPROM on- @ Line assernbler and disassemble: on some emulators 
chip devices, and documentation. *Functions listed in the overview may not exactly apply to all emula- 

In addition to hardware and software support, Hitachi has Field tors Rete: to the applicable emulator user’s manual for further 
Application Engineers (FAE) to help identify the most cost-effective information 


IC(s) for your application and answer your technical questions 


@ CROSS ASSEMBLER FUNCTIONS (PC-DOS) 


@ IN-CIRCUIT EMULATOR FUNCTIONS FOR HD6303/05 Series” The software is divided into six main parts. 
® Serial interface connection to many host computers via RS-232C @® Stractured Relocatable Cross Macro Assembler 
port. The cross assembler 1s designed to meet the specification outlined 
@ Executes user’s program im teal-tine on some emulators, or in Hitachi’s HD6303 and HD6305 assembler user’s manual, 
when loaded in emulator’s memory starting from a sclected ad- which means that mnemonic, macro and directive compatibility 
dress. Execution is interrupted when breakpoints are detected, or 1S maintained 
when RESET or ABORT ts switched The assembler also offers a structured code facility, similar to 
@ Single step tracing of user’s progiam is possible. Data in registers that found in some high level languages The main structured 
and data in memory are displayed after every execution features are listed below 
@ Breakpoints can be set in user’s program by using the program IF. .THEN .ELSE ..DO . WHILE... REPEAT 
counter address, data bus, or external signal probes Breakpoints UNTIL... FOR. . TO 
can be displayed and changed. CALL (with parameters passed on the stack) 
@ Data in internal registers of the subject microcomputer can be @® Linker 
displayed or changed The linker concatenates and locates all relocatable modules into 
© HITACHI 
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an executable object file (Motorola S-type format). Start ad- 
dresses of relocatable program and data sections can be entered at 
linkage time 

® Macro Librarian 
Named libraries of useful macros can be built by the user, saving 
time during generation of source code. The macro librarian 1s 
searched during assembly time for the appropriate macro defin1- 
tions that do not appear in the source file 

@ Object Module Librarian 
Named libraries of useful object modules can be built by the user. 
The libraries called up at linkage time are searched by the linker 
to see if unsatisfied external references can be resolved. Object 
modules which satisfy the unresolved references are automati- 
cally included in the executable object file (S-record format). 

@ Emulator Interface Software 
The interface software allows connection between Hitachi's seri- 
ally linked emulators and the IBM PC using an RS232 asyn- 
chronous interface. 

Commands from the PC keyboard are directed to the emulator 
and responses are displayed on the screen. File upload and 
download in Motorola S-type format enables assembled and 
linked programs to be run on the emulator. Real time trace facili- 
ties are available on all serial linked emulators. 

@ EPROM Programmer Interface Software 
The interface software allows connection to most proprietary 
EPROM Programmers for downloading (or uploading) execut- 
able object modules in Motorola S-type* data format. The pro- 
grammers can be run either in REMOTE CONTROL or LOCAL 
mode. 

In local mode, programmer commands can be entered on the 
programmer keyboard and upload/download of object modules 
can be activated using the IBM PC keyboard. 

In remote control mode, all programmer commands are en- 
tered via the IBM PC keyboard 

All programmer commands will be specific to the particular 
programmer used. 


@ C COMPILER FUNCTIONS (PC-DOS) 
The HD6303 and HD6305** compiler comprises three pro- 


grams, a pre-processor, the main compiler and an optimiser. The 
system also provides standard library files (which facilitates I/O 
and floating point operations), the standard “‘include’’ files 
which contain the necessary declarations for the usage of library 
function. Runtime object files for integer and floating point 
arithmetic are included. Compatible with Hitachi and Microtec 
Research*** assemblers. 
@ Compiler Options 

The following tables indicate the options available during pre- 
processing and compiling. 


*Motorola S-type is a trademark of Motorola, Inc. 
**Conforms to Kerninghan and Ritchie C programming 
language standard rather than ANSI C programming language 
standard. 
***Microtec Research is a trademark of Microtec Research, Inc. 
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Table 1. Pre-processor Options 












Description 


Issues error messages to the pre-processor 
source program file 










Defines a macro name 






Inserts the original source program lines 
into the pre-processed source program as 
comments 









Description 








Generates object code which calls a 
profiler routine (a routine which profiles 
the history of the program execution) 
everyume a function 1s called (see 

Note 1). 





Generates object code which calls a stack 
check routine everytime a function 1s 
called (see Note 1) 






Note 1: The profiler routine and the stack check routine 
should be prepared in a separate module for your own target 
system. 


@ Limits in Compilation 
(1) Length of an input line 512 characters 
(2) Length of a character string. 510 characters 
(3) Number of external names 156 
(4) Effective length of identifiers. 8 characters 
(5) Effective length of external identifiers 6 
(6) Nest of conditional complication 32 level 
(7) Nesting of file inclusion. 14 level 
(8) Number of macro parameters. 32 
(9) Length of a macro definition. 512 characters 

(10) Recursive expansion of a macro name: 32 times 


@ Data Size 
(1) Char type: 8 bit 
(2) Short type, int type. 16 bit 
(3) Long type: 32 bit 
(4) Float type: 32 bit 
(5) Double type: 64 bit 
(6) Pointer type: 16 bit 
No data alignment is done in allocation of structured data 
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Device Availability 


(3) Character Handling Library Functions @ EMULATOR BOX FEATURES 


isalnum, 1salpha, issascii, iscntl, isdigit, islower, isprint, 
ispunct, isspace, isupper, tolower, toupper. 

(4) Character String Handling Library Functions 
index, rindex, strcat, strcmp, strcpy, strlen, strncat, 
strncopy 

(5) Data Conversion Library Function 
atoi, atol 

(6) Memory Allocation Library Functions (see Note 2) 
malloc, calloc, free, cfree 

(7) Miscellaneous Library Functions 
NOTE 2: To use the I/O library functions and Memory 
allocation library functions, low level routines must be 
prepared by the user according to the target system 
















requirements. 
6303 C Program 
— eo eee eee eee —_ a: ame —_ ~ 
USMPCLUSF 6303 C Compiler fo ustPciitss 
ee Se evar + SUHBMPC 






6303 Assembly Program 





6303 Assembler 


}6303 Standard Library User I/O Routine 


" 






oft 6303 Relocatable Object 


6303 Absolute Object 


c- 
I 
I 





@ IN-CIRCUIT EMULATOR FOR HD64180 SERIES 


Hitachi’s hardware emulator consists of the Adaptive System Emula- 
tor (ASE) plus emulator box for the corresponding microprocessor. 
The emulator supports hardware and software development when 
connected to a Vax-II, IBM-PC, or PC compatible host machine. 


@ ASE FEATURES 


¢ Serial connection to host computer, or console via RS-232C port 
allows loading, saving, and verifying of user programs. 

© Object formats: Intel HEX; and Motorola S. 

¢ Connects to centronics printer. 

¢ Includes 3.5 inch floppy disk drive. 


e Executes program in realtime from 0.5 MHz to 8 MHz for all 
emulators except HS180 ABX0O5H which executes in realtime 
from 0.5 MHz to 10 MHz. 

¢ Memory: 

—Includes 64-kbyte user memory 
—Expandable to 512 kbytes with an optional memory board (up to 
6 MHz without wait states) 


@ EMULATOR BOX FUNCTIONS 


e Executes user’s program loaded in emulator’s memory: 

—Realtime 

—Single step 

Breaks on combination of specified number of the following 

conditions: 

~-Program counter (logical or physical address) 

—Access to specified memory area 

—DMAC transfer request or completion 

—Eight external probe signals 

Up to 255 software breakpoints on RAM area 

Multi-break function: In multi-MPU system using several ASEs, 

an ASE break acts as a trigger which causes other ASEs to break. 

(HSI80ABX05H). 

Sequential break: Analyzes order in which up to 4 software break- 

points were passed (HS 180ABX04H/05H). 

Realtime tracing. 

—Stores or displays bus information, external signal, or I/O sig- 
nals for up to 2048 machine cycles 

—Traces by bus cycle or 125 ns after user program execution stops 
at breakpoint 

—Trace starting or extracting condition can be specified 

e Pseudo-I/O emulation function (HS 180ABX04H/05H) 

¢ Disassembler 

e Line assembler 

e Symbolic debugger 

e Execution time measurement 

¢ Displays, sets, changes, or transfers data in memory 
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8/16-BIT MICROPROCESSOR DATA BOOK 


DATA SHEETS 


Section Two 





HD6300, HDO800 


8-Bit 
Microcomputer Family 
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HD6303R,HD63SA03R,——\_ 





HDG6SBOSR 


CMOS MPU (Micro Processing Unit) 


The HD6303R 1s an 8-bit CMOS micro processing unit 
which has the completely compatible instruction set with the 
HD630!1V1 128 bytes RAM, Serial Communication Interface 
(SCI), parallel I/O ports and mult: function timer are incorpora- 
ted in the HD6303R It 1s bus compatible with HMCS6800 and 
can be expanded up to 65k bytes Like the HMCS6800 family, 
1/O level 1s TTL compatible with +5 OV single power supply 
As the HD6303R 1s CMOS MPU, power dissipation 1s extremely 
low And also HD6303R has Sleep Mode and Stand-by Mode 
as lower power dissipation mode. Therefore, flexible low power 
consumption application 1s possible. 


m FEATURES 
®@ Object Code Upward Compatible with the HD6800, HD6801, 
HD6802 
@ Multiplexed Bus (Dg/Ap~D7/A,Ag~A;;5 ), Non Multiplexed 
Bus (Dy~D;, Ayo~A\s) 
@® Abundant On-Chip Functions Compatible with the 
HD6301V1; 128 Bytes RAM, 13 Parallel 1/O Lines, 16-bit 
Timer, Serial Communication Interface (SCI) 
Low Power Consumption Mode, Sleep Mode, Stand-By Mode 
Minimum Instruction Execution Time 
Tus (f=1MHz), 0.6 7s (f=1 5MHz), O.5us (f=2.0MHz) 
Bit Manipulation, Bit Test Instruction 
Error Detecting Function, Address Trap, Op Code Trap 
Up to 65k Bytes Address Space 
Wide Operation Range 
Vec =3 to 6V (f = 0 1 ~ 0.5 MHz) 
f = 0.1 to 2.0 MHz (Vee =5Vt 10%) 


@ TYPE OF PRODUCTS 
Bus Timing 











HD6303R 
HD63A03R 
HD63B03R 


@ PROGRAM DEVELOPMENT SUPPORT TOOLS 

@ Cross assembler and C compiler software for IBM PCs and 
compatibles 

@ In circuit emulator for use with IBM PCs and compatibles 


HD6303RP, HD63A03RP, 
HD63B03RP 


HD6303RF, HD63A03RF, 
HD63B03RF 


(FP-54) 


HD6303RCG,HD63A03RCG, 
HD63BO3RCG 


(CG-40) 


HD6303RCP, HD63A03RCP 
HD63B03 RCP 


(CP-52) 


HD6303RL, HD63A03RL 
HD63B03RL 


(CP-44) 
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HD6303R, HD63A03R, HD63B03R 





& PIN ARRANGEMENT 












® HD6303RP, HDO63A03RP, ® HD6303RF, HD63A03RF, ® HD6303RCG, HD63A03RCG, 
HD63B03RP HD63B03RF HD63B803RCG 
Vss (1] < < < < < < oe: ce? 2s 
rer 0090660060 4<4<4< 
ExTAL(a] O} lo 1-9 1 oes ‘8 1B! tA a 
NMi [4] Di /A, 125] Ai2 
REE Do/Ao 124) Ais 
STBY R/W 123] Ave 
ii a AS 122] Ais 
2) 
P2210} E 121] Vec 
és 11] Vss 20] Ar/P12 
seine XTAL 19] Ae/Pre 
A, /P,, [14] EXTAL 18 As/Pis 
A,/P [15] = — A 
A3/P 13(16) pas a7) Asie 


x 


116] A3/Pi3 


Ag/Pra u 






Ag /Pi5 [18] pal I A Bnd roy 
Ae/Prualld Be RT Sees ee amy eee 
te he 3 ao a a aa = e g 
< <id€ 
(Top View) (Top View) (Top View) 
@®HD6303RCP, HD63A03 RCP, ¢ HD 6303RL, HD63A03RL 


HD63B03RCP HD63B03RL 


a) NC 

D2/A2 
D3/A3 
Da/Aa 
NC 

Ds/As 
} De/As 
3 D7/A7 


Aio 





(Top View) 
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e BLOCK DIAGRAM 


D,/Ao < 
D°/A, = 
0,/A2< 
0,/A3< 
D,/A,4 
D.,/As*- 
O.6/Ac *~ 
O7/Az 
Ww 


AS 


Address 
Data 


Buffers 





Address 
Buffers 







HD6303R, HD63A03R, HD63B03R 


—-- ——* Pio/Ao 
or! Pry /Ay 
—_——————» P12/A2 
—————— P13 / AG 
Pra/Ag 

eas Pis/As 
aaa Pig /Ag 
oo PAT 
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@ ABSOLUTE MAXIMUM RATINGS 


fem Symbol Un 


Supply Voltage Vec -0.3 ~+7.0 V 
input Voltage 0.3~ Vecr03 v 
T 


Operating Temperature e 
Storage Temperature -55 ~ +150 2C 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoitage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend Vin, Vout - Vss & (Vin Of Vout) & Vc. 


® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Voc = 5.0V+10%, Vsg = OV, Ta = 0~+70°C, unless otherwise noted.) 


Item Symbol 


Unit 


elt 
oO 
ce) 


~ } OT 






3 
> 


Operating (f=1MHz"*) 
Current Dissipation” Sleeping (f=1MHz**) a 


m Vin min = Vec-1.0V, Vit max = 0.8V 
** Current Dissipation of the operating or sleeping condition ts proportional to the operating frequency So the typ. or max. 
values about Current Dissipations at f = x MHz operation are decided according to the following formula, 


< 


iti 
RES, STBY -0.5| - |y 
Input “High” Voltage | EXTAL Vig IVecx0.7| — | pe Vv 
Other Inputs | 20 | - | 
Input “Low” Voltage | All Inputs | -03 | — fos | v 
Input Leakage Current | NMI, (RO,, RES, STBY Plate i Vin =0.5~Vec-0.5V | - | = {1.0 | uA 
Three State (off-state) Pig~Pin, Pop Poa, 7 
Leakage Current Do~D>, As~Ais Ntsil | Vin =0.5~Vec-0.5V HA 
. | = -200UA 
sie Manion ieiaee | anata Vou flowz=200wa | 24 | - | - |v 
ion = 1A [Vog-07) = 
Output ‘‘Low” Voltage | All Outputs lo. = 1.6mMA | — | — | 0.55] V 
Input Capsctance | Al Input hae 
Vic (STB Y) =0~0.6 
V RES) = V 
Standby Current Non Operation lec iH | ee LA 
| V,, (RES) = 0 ~0.6V 
ae ed 


typ value (f = xMHz) = typ. value (f = IMHz) x x 
max. value (f = xMHz) = max. value (f = 1MHz) x x 
(both the sleeping and operating) 
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@ AC CHARACTERISTICS (Vcc = 5.0V+10%, Vsg = OV, Ta = O~+70°C, unless otherwise noted.) 












































BUS TIMING 
Test HD6303R HD63A03R HD63B03R 
Item Symbol! Con- - — 
dition | Min | typ | max] min /typ max | min | min | typ max 
_Cycle Time teve ti - _10 0.666) — 
~ Address Strobe Pulse Width + < eet oie 
High filed, ~_ [180 - 
Address Strobe Rise Time tasr 20; —- _ 
~ Address Strobe Fall Time tast 20| — - 
Address Strobe Delay Time * taso - 40} — 
Enable Rise Time ter LS ge 
Enable Fall Time, ter 20; - - 
Enable Pulse Width “High” Le Level* PWew — | 300] — 











Enable Puise Width “Low"™ ‘Level* PWer 


Address Strobe to Enable Delay * 


























Time ASED 
itaot 
Address Delay Time ee Rese 
‘ tap2 Fig. 1 
















_ Address ess Delay Time for Latch* task Fig, 2 











Data Set-up Time 








Data Hold Time 




















tuw 
Address Set-up Time for Latch* | tas. 
~ Address Hold Time for Latch taHL 
Address Hold Time tae: 


eee ener ner nn enna itn ett 


Ao ~ A; Set-up Time Before E* | tasm 


Non-Multi flexed 
Peripheral Read | guys P (taccn ) = |= 65 


Access Time 


Multiplexed Bus"] (taccm) a 
_ Oscillator stabilization Time trc Fig. 8 ~ 20 ae 
Processor Control Set-up Time Fig.9 | 200 50, = 1 = = = a00! = 


*These timings change in approximate proportion to toye. The figures in this characteristics represent those when top is MINimMuM 
(= in the highest speed operation) 











PERIPHERAL PORT TIMING 







Test HD6303R nee Mpeearae HD63B03R 















Item Symbol | Con- Unit 
dition | Min | typ max | min | a ‘max| min nee Mpeearae max 
Peripheral Data t Ae 
Set-up Time POSU 
Peripheral Data 
_Hold Time Pont? tom | toon_| ole 
Delay Time, Enable Nega- ae 
tive Transition to Peri- tpwo ae 4 
pheral Data Valid __ | 
* Except P2, 
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TIMER, SC! TIMING 


< 
Oo 
a 
w 
@ 
=] 
W 
av 


Test HD6303R HD63A03R 
Item Symbol | Con- 


Timer Input Pulse Width 
Delay Time, Enable Positive 
Transition to Timer Out 198 

SCI Input Clock Cycle 


SCI Input Clock Pulse Width 
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Figure 1 Multiplexed Bus Timing 
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Figure 6 Mode Programming Timing 
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Figure 8 Interrupt Sequence 
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Figure 9 Reset Timing 


= FUNCTIONAL PIN DESCRIPTION mental crystal, AT cut. For instance, in order to obtain the 
system clock 1MHz, a 4MHz resonant fundamental crystal 1s 

® Vec. Vss used because the devide-by-4 circuitry is included. An example 
These two pins are used for power supply and GND. of the crystal interface is shown in Fig. 10. EXTAL accepts 
Recommended power supply voltage 1s 5V + 10%, 3. to 6V can an external clock input of duty 45% to 55% to drive. For 
be used for low speed operation (100 ~ 500 kHz). external clock, XTAL pin should be open. The crystal and 


capacitors should be mounted as close as possible to the pins. 
@ XTAL, EXTAL 
These two pins are connected with parallel resonant funda- 
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AT Cut Paralle! Resonance Crystal 


= 7 pF max 
R, = 60 2 max 


co Ci = Ci2 =10~22pF + 20% 
(3 2 ~ BMHz) 


EXTAL 


tg 


Figure 10 Crystal Interface 


@ Standby (STBY) 

This pin 1s used to place the MPU in the standby mode 
If this goes to “Low” level, the oscillation stops, the internal 
clock is tied to Vgg or Vcc and the MPU 1s reset. In order to 
retain information in RAM during standby, write “O” into RAM 
enable bit (RAME) RAME 1s bit 6 of the RAM Control Register 
at address $0014 This disables the RAM, so the contents of 
RAM 1s guaranteed For details of the standby mode, see the 
Standby section 


@ Reset (RES) 

This input 1s used to reset the MPU. RES must be held 
“Low” for at least 20ms when the power starts up. It should be 
noted that, before clock generator stabilize, the internal state 
and I/O ports are uncertain, because MPU can not be reset 
without clock. To reset the MPU during system operation, it 
must be held ““Low” for at least 3 system clock cycles From 
the third cycle, all address buses become “high-impedance” 
and it continues while RES is “Low” If RES goes to “High’’, 
CPU does the following. 

(1) I/O Port 2 bits 2,1,0 are latched into bits PC2, PC1, PCO of 
program control register. 

(2) The contents of the two Start Addresses, $FFFE, $FFFF 
are brought to the program counter, from which program 
starts (see Table 1). 

(3) The interrupt mask bit is set In order to have the CPU 
recognize the maskable interrupts IRQ, and IRQ), clear it 
before those are used 


@ Enable (E) 

This output pin supplies system clock. Output is a single- 
phase, TTL compatible and 1/4 the crystal oscillation frequen- 
cy. It will drive two LS TTL load and 40pF capacitance 


®@ Non Maskable Interrupt (NMI) 

When the falling edge of the input signal of this pin 1s re- 
cognized, NMI sequence starts. The current instruction 1s con- 
tinued to complete, even if NMI signal is detected. Interrupt 
mask bit in Condition Code Register has no effect on NMI 
detection. In response to NMI interrupt, the information of 
Program Counter, Index Register, Accumulators, and Condition 
Code Register are stored on the stack On completion of this 
sequence, vectoring address $FFFC and $FFFD are generated 
to load the contents to the program counter. Then the CPU 
branch to a non maskable interrupt service routine 
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@ Interrupt Request (IRQ:) 

This level sensitive input requests a maskable interrupt 
sequence. When IRQ: goes to “Low”, the CPU waits until it 
completes the current instruction that 1s being executed. Then, 
if the interrupt mask bit in Condition Code Register 1s not set, 
CPU begins interrupt sequence, otherwise, interrupt request 
is neglected 

Once the sequence has started, the information of Program 
Counter, Index Register, Accumulator, Condition Code Register 
are stored on the stack Then the CPU sets the interrupt mask 
bit so that no further maskable interrupts may be responded 


Table 1 


Interrupt Vectoring memory map 






Interrupt 






















Highest 
Priority ectaee, hake eee 
| RG, or iS 
FFF6 ICF (Timer Input Capture) 
FFFA OCF (Timer Output Compare) 
TOF (Timer Overflow) 
Lowest SC! (RORF + ORFE + TORE) 
Priority 





At the end of the cycle, the CPU generates 16 bit vectoring 
addresses indicating memory addresses $FFF8 and $FFF9, and 
loads the contents to the Program Counter, then branch to an 
interrupt service routine. 

The Internal Interrupt will generate signal (IRQ) which is 


quite the same as IRQ, except that it will use the vector address 
SFFFO to $FFF7 

former precedes the latter Interrupt Mask Bit in the condition 
code register, if being set, will keep the both interrupts off. 

On occurrence of Address error or Op-code error, TRAP 
interrupt is invoked This interrupt has priority next to RES. 
Regardless of the interrupt Mask Bit condition, the CPU will 
start an interrupt sequence The vector for this interrupt will be 
$FFEE, $FFEF 


@ Read/Write (R/W) 

This TTL compatible output signals peripheral and memory 
devices whether CPU 1s in Read (“High”), or in Write (“Low’’). 
The normal stand-by state 1s Read (“High”) Its output will 
drive one TTL load and 90pF capacitance 


@ Address Strobe (AS) 

In the multiplexed mode, address strobe signal appears at this 
pin It 1s used to latch the lower 8 bits addresses multiplexed 
with data at Do/Ao ~~ D7/A7. The 8-bit latch 1s controlled by 
address strobe as shown in Figure 15 Thereby, Do/Ao ~ D7/A7 
can become data bus during E pulse. The timing chart of this 
signal is shown in Figure | 

Address Strobe (AS) 1s sent out even if the internal address 
is accessed. 


# PORTS 

There are two I/O ports on HD6303R MPU (one 8-bit ports 
and one 5-bit port). Each port has an independent write-only 
data direction register to program individual I/O pins for 
input or output.* 

When the bit of associated Data Direction Register is “1”, 
1/O pin 1s programmed for output, if “0”, then programmed for 
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an input. 

There are two ports: Port 1, Port 2. Addresses of each 
port and associated Data Direction Register are shown in 
Table 2. 

* Only one exception 1s bit 1 of Port 2 which becomes either a 
data input or a timer output. It cannot be used as an output 
port. 


Table 2 Port and Data Direction Register Addresses 


Port Address 


$0002 
$0003 






Data Direction 
Register Address 


$0000 










1/O Port 1 
1/O Port 2 








@ 1/0 Port 1 

This is an 8-it port, each bit being defined individually as 
input or outputs by associated Data Direction Register. The 
8-bit output buffers have three-state capability, maintaining in 
high impedance state when they are used for input. In order to 
be read accurately, the voltage on the input lines must be more 
than 2.0V for logic ‘‘!” and less than 0.8V for logic “0”. 

These are TTL compatible. After the MPU has been reset, all 
I/O lines are configured as inputs in Multiplexed mode. In Non 
Multiplexed mode, Port 1 will be output line for lower order 
address lines (Ao ~ A7), which can drive one TTL load and 
30 pF capacitance. 


@ 1/0 Port 2 

This port has five lunes, whose I/O direction depends on its 
data direction register. The 5-bit output buffers have three-state 
capability, going high impedance state when used as inputs. In 
order to be read accurately, the voltage on the input lines must 
be more than 2.0V for logic “1” and less than 0.8V for logic 
“0”. After the MPU has been reset, I/O lines are configured as 
inputs These pins on Port 2 (P20 ~ P22 of the chip) are used 
to program tie mode of operation during reset. The values of 
these three pins during reset are latched into the upper 3 bits 
(bit 7, 6 and 5) of Port 2 Data Register which 1s explained in 
the MODE SELECTION section 

In all modes, Port 2 can be configured as I/O lines. This port 
also provides access to the Serial [/O and the Timer. However, 
note that bit 1 (P,,) 1s the only pin restricted to data input or 
Tumer output. 


# BUS 
. Do/Ao rx D,/A, 

This TTL compatible three-state buffer can drive one TTL 
load and 90 pF capacitance 
Non Multiplexed Mode 

In this mode, these pins become only data bus (Do ~ D7) 
Multiplexed Mode 

These pins becomes both the data bus (Dy ~ D-) and lower 
bits of the address bus (Ay ~ A7) An address strobe output 1s 
“High” when the address 1s on the pins. 


@ As ~ Ais 

Each line is TTL compatible and can drive one TTL load and 
90 pF capacitance After reset, these pins become output for 
upper order address lines (Ag ~ Aj; ) 


@® MODE SELECTION 

The operation mode after the reset must be determined by the 
user wiring the P20, P21, and P22 externally. These three pins are 
lower order bits; I/O 0, I/O 1, I/O 2 of Port 2. They are latched 
into the control bits PCO, PC1, PC2 of I/O Port 2 register when 
RES goes ‘High’. I/O Port 2 Register is shown below. 


Port 2 DATA REGISTER 


7 6 5 4 3 2 1 0 


An example of external hardware used for Mode Selection 
is shown in Figure 11. The HD14053B is used to separate the 
peripheral device from the MPU during reset. It is necessary if 
the data may conflict between peripheral device and Mode 
generation circuit. 

No mode can be changed through software because the bits 
5, 6, and 7 of Port 2 Data Register are read-only The mode 
selection of the HD6303R 1s shown 1n Table 3. 

The HD6303R operates in two basic modes: (1) Multiplexed 
Mode, (2) Non Multiplexed Mode. 


@ Multiplexed Mode 

The data bus and the lower order address bus are multiplexed 
in the Do/Ao ~ D7/A7 and can be separated by the Address 
Strobe 

Port 2 1s configured for 5 parallel [/O or Serial 1/O, or Timer, 
or any combination thereof. Port | 1s configured for 8 parallel 
1/O 


@ Non Multiplexed Mode 

In this mode, the HD6303R can directly address HMCS6800 
peripherals with no address latch. Dp/Ay ~ D,/A7 become a 
data bus and Port | becomes Ay ~ A, address bus. 

In this mode, the HD6303R 1s expandable up to 65k bytes 
with no address latch. 


@ Lower Order Address Bus Latch 

Because the data bus 1s multiplexed with the lower order 
address bus in Do/Ao ~ D7/Az7 in the multiplexed mode, address 
bits must be latched. It requires the 74LS373 Transparent octal 
D-type to latch the LSB. Latch connection of the HD6303R 
is shown in Figure 15. 
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D6303R 


P., (PCO) 
P,, (PCI) 
P,, (PC2) 


10140538 Note 1) Figure of Multiplexed Mode 


2) RC~Reset Constant 
3) R,=10k2 





Switch 


Figure 11 Recommended Circuit for Mode Selection 
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Figure 12 HD14053B Multiplexers/De-Multiplexers 
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Figure 13 HD6303R MPU Multiplexed Mode Figure 14 HD6303R MPU Non Multiplexed Mode 
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Oo 1Ao = O, lA, 
Address/Data 





Function Table 


Address A, ~A, 





Data 0,~O, 


Figure 15 Latch Connection 


Table 3 Mode Selection 






Operating Mode 






Multiplexed Mode oes. fe de 





Non Multiplexed Mode 


L: logic “0” 
H: logic “1” 


®@ MEMORY MAP 

The MPU can provide up to 65k byte address space. Figure 
16 shows a memory map for each operating mode. The first 32 
locations of each map are for the CPU’s internal register only, 
as shown in Table 4. 


Non Multiplexed 


ees 


External Memory Space 


soo80 YY) | Internat RAM 


SOOF F 


External Memory Space 


SFEFF 
(NOTE) 
Excludes the following addresses which may be 
used externally ; $00, $02. 


Table 4 Internal Register Area 


Register 


Port 1 Data Direction Register * * 
Port 2 Data Direction Register ** 
Port 1 Data Register 


Port 2 Data Register 


Timer Control and Status Register 
Counter (High Byte) 

Counter (Low Byte) 

Output Compare Register (High Byte) 


Output Compare Register (Low Byte) 
Input Capture Register (High Byte) 
Input Capture Register (Low Byte) 


Rate and Mode Control Register 
Transmit/Receive Control and Status Register 
Receive Data Register 

Transmit Data Register 


RAM Control Register 
Reserved 


* External address in Non Multiplexed Mode 


** 1 = Output, 0 = Input 


Multuplexed 
$0000 5 


internal Registers 


External Memory Space 


Internat RAM 


External Memocy Space 





Figure 16 HD6303R Memory Maps 
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Address 


00° 
01 
02° 
03 


08 
09 
0A 
0B 


oc 
0D 
OE 


10 
11 
12 
13 


14 
15-1F 





= PROGRAMMABLE TIMER 

The HD6303R contains 16-bit programmable timer which 
may measure input waveform.In addition to that it can generate 
an Output waveform by itself. For both input and output wave- 
form, the pulse width may vary from a few microseconds to 
several seconds 
The timer hardware consists of 

* an 8-bit control and status register 

*a 16-bit free running counter 

-a 16-bit output compare register 

-a 16-bit input capture register 
A block diagram of the timer is shown in Figure 17. 


HO6303R internal Bus 





4 

‘ 
-+ Output Input 
Level Edge 
Bret Br0 
Port 2) Port 2 


Figure 17 Programmable Timer Block Diagram 


Output Compare Pulse 





@ Free Running Counter ($0009: $000A) 

The key element in the programmable timer is a 16-bit free 
running counter, that is driven by an E (Enable) clock to 
increment its values. The counter value will be read out by the 
CPU software at any time with no effects on the counter. 
Reset will clear the counter. 

When the MSB of this counter 1s read, the LSB 1s stored 
in temporary latch. The data 1s fetched from this latch by the 
subsequent read of LSB. Thus consistent double byte data can 
be read from the counter. 

When the CPU writes arbitrary data to the MSB ($09), the 
value of $FFF8 is being pre-set to the counter ($09, $0A) 
regardless of the write data value. Then the CPU writes arbi- 
trary data to the LSB ($0A), the data is set to the “Low” byte 
of the counter, at the same time, the data preceedingly written 
in the MSB ($09) is set to “High” byte of the counter. 

When the data 1s written to this counter, a double byte 
store instruction (ex. STD) must be used. If only the MSB of 
counter is written, the counter 1s set to $FFF8. 

The counter value written to the counter using the double 
byte store instruction is shown 1n Figure 18. 

To write to the counter can disturb serial operations, so it 
should be inhibited during using the SCI. If external clock 
mode is used for SCI, this will not disturb serial operations. 
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$09 Write | $0A Write 








Counter 1 FFFS 


(SAF3 written to the counter) 


Figure 18 Counter Write Timing 


@ Output Compare Register ($000B :$000C) 

This 1s a 16-bit read/write register which 1s used to control an 
output waveform The contents of this register are constantly 
being compared with current value of the free running counter. 

When the contents match with the value of the free running 
counter, a flag (OCF) in the timer control/status register 
(TCSR) 1s set and the current value of an output level Bit 
(OLVL) in the TCSR 1s transferred to Port 2 bit 1. When bit 1 
of the Port 2 data direction register is “1”? (output), the OLVL 
value will appear on the bit 1 of Port 2. Then, the value of Out- 
put Compare Register and Output level bit may be changed 
for the next compare. 

The output compare register 1s set to $FFFF during reset. 

The compare function is inhibited at the cycle of wnting to 
the high byte of the output compare register and at the cycle 
just after that to ensure valid compare. It is also inhibited in 
same manner at writing to the free running counter. 

In order to write a data to Output Compare Register, a 
double byte store instruction (ex.STD) must be used. 


@ Input Capture Register (SOO0D: $O00E) 

The input capture register is a 16-bit read-only register used 
to hold the current value of free running counter captured when 
the proper transition of an external input signal occurs. 

The input transition change required to trigger the counter 
transfer 1s controlled by the input edge bit (IEDG). 

To allow the external input signal to go in the edge detect 
unit, the bit of the Data Direction Register corresponding to bit 
0 of Port 2 must have been cleared (to zero). 

To insure input capture in all cases, the width of an input 
pulse requires at least 2 Enable cycles. 


@ Timer Control/Status Register (TCSR) ($0008) 
This 1s an 8-bit register. All 8-bits are readable and the lower 
5 bits may be written. The upper 3 bits are read-only, indicating 
the timer status information as 1s shown below. 
(1) A proper transition has been detected on the input pin 
(ICF). 
(2) A match has been found between the value in the free 
running counter and the output compare register (OCF). 
(3) When counting up to $0000 (TOF). 
Each flag has an individual enable bit in TCSR which 
determines whether or not an interrupt request may occur 
(IRQ2). If the I-bit in Condition Code Register has been 
cleared, a prior vectored address occurs corresponding to 
each flag. A description of each bit is as follows. 


Timer Control / Status Register 


7 6 5 4 3 2 1 0 
Ter [oer [vor] wr] con | evo oe] our] sm 


Bit O OLVL (Output Level); When a match 1s found in the 
value between the counter and the output com- 
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pare register, this bit 1s transferred to the Port 2 
bit 1. If the DDR corresponding to Port 2 bit | 1s 
set “1”, the value will appear on the output pin of 
Port 2 bit 1. 

Bit 1 IEDG (Input Edge): This bit control which transition 
of an input of Port 2 bit O will trigger the data 
transfer from the counter to the input capture 
register. The DDR corresponding to Port 2 bit 0 
must be clear in advance of using this function. 
When IEDG = 0, trigger takes place on a negative 
edge (‘“‘High’~to—“Low”’ transition). When IEDG = 
1, trigger takes place on a positive edge (“Low”’-to- 
“High” transition). 

Bit 2 ETO! (Enable Timer Overflow Interrupt); When set, 
this bit enables TOF interrupt to generate the 


interrupt request (IRQ2). When cleared, the inter- 


rupt is inhibited. 

Bit 3. EOCI (Enable Output Compare Interrupt); When set, 
this bit enables OCF interrupt to generate the 
interrupt request ([RQ2). When cleared, the inter- 
rupt is inhibited. 

Bit 4 EIC! (Enable Input Capture Interrupt); When set, this 
bit enables ICF interrupt to generate the interrupt 
request ([RQ2). When cleared, the interrupt is 
inhibited. 

Bit 5 TOF (Timer Over Flow Flag); This read-only bit 1s set 
at the transition of $FFFF to $0000 of the 
counter. It is cleared by CPU read of TCSR (with 
TOF set) followed by a CPU read of the counter 
($0009). 

Bit 6 OCF (Output Compare Flag); This read-only bit is set 
when a match 1s found in the value between the 
output compare register and the counter. It 1s 
cleared by a read of TCSR (with OCF set) fol- 
lowed by a CPU write to the output compare re- 
gister ($O00B or $000C). 

Bit 7 ICF (Input Capture Flag); The read-only bit is set by a 
proper transition on the input, and 1s cleared by 
a read of TCSR (with ICF set) followed by a 
CPU read of Input Capture Register ($OOOD). 

Reset will clear each bit of Timer Control and Status 

Register. 


™ SERIAL COMMUNICATION INTERFACE 

The HD6303R contains a full-duplex asynchronous Serial 
Communication Interface (SCI). SCI may select the several 
kinds of the data rate It consists of a transmitter and a receiver 
which operate independently but with the same data format 
and the same data rate. Both of transmitter and receiver com- 
municate with the CPU via the data bus and with the outside 
world through Port 2 bit 2,3 and 4 Descnption of hardware, 
software and register 1s as follows. 


@ Wake-Up Feature 

In typical multiprocessor applications the software protocol 
will usually have the designated address at the initial byte of the 
message. The purpose of Wake-Up feature is to have the non- 
selected MPU neglect the remainder of the message. Thus 
the non-selected MPU can inhibit the all further interrupt 
process until the next message begins 

Wake-Up feature is re-enabled by a ten consecutive “1”’s 
which indicates an idle transmit line Therefore software pro- 
tocol must put an idle period between the messages and must 
prevent it within the message 


With this hardware feature, the non-selected MPU is re- 
enabled (or ‘“‘waked-up”’) by the next message. 


@ Programmable Options 
The HD6303R has the following programmable features. 
- data format; standard mark/space (NRZ) 
- clock source, external or internal 
-baud rate; one of 4 rates per given E clock frequency or 
1/8 of external clock 
- wake-up feature, enabled or disabled 
-interrupt requests; enabled or masked individually for 
transmitter and receiver 
«clock output; internal clock enabled or disabled to Port 
2 bit 2 
-Port 2 (bits 3, 4), dedicated or not dedicated to serial 
I/O individually 


@ Serial Communication Hardware 

The serial communications hardware 1s controlled by 4 
registers as shown in Figure 19. The registers include: 

- an 8-bit control/status register 

- a 4-bit rate/mode control register (write-only) 

- an 8-bit read-only receive data register 

-an 8-bit write-only transmit data register 

Besides these 4 registers, Serial I/O utilizes Port 2 bit 3 
(input) and bit 4 (output). Port 2 bit 2 can be used when an 
option is selected for the internal-clock-out or the external- 
clock-in. 


@ Transmit/Receive Control Status Register (TRCSR) 

TRCS Register consists of 8 bits which all may be read while 
only bits 0 to 4 may be written. The register 1s initialized to $20 
on RES. The bits of the TRCS Register are explained below. 


Transmit / Receive Control! Status Register 
? 6 5 4 3 2 1 0 
romJonre]rone] we [ ne [ve] ve ] wo Javon 
$0011 


Bit O WU (Wake Up); Set by software and cleared by hardware 
on receipt of ten consecutive “1”’s. While this bit 
is “‘1”, RDRF and ORFE flags are not set even 
if data are received or errors are detected. There- 
fore received data are ignored. It should be noted 
that RE flag must have already been set in advance 
of WU flag’s set. 

Bit 1 TE (Transmit Enable); This bit enables transmitter. When 
this bit is set, bit 4 of Port 2 DDR is also forced 
to be set. It remains set even if TE is cleared. 
Preamble of ten consecutive “]”’s is transmitted 
just after this bit is set, and then transmitter 
becomes ready to send data. If this bit is cleared, 
the transmitter is disabled and serial I/O affects 
nothing on Port 2 bit 4. 

Bit 2. TIE (Transmit Interrupt Enable); When this bit is set, 
TDRE (bit 5) causes an IRQ2 interrupt. When 
cleared, TDRE interrupt 1s masked. 

Bit 3 RE (Receive Enable); When set, Port 2 bit 3 can be used 
as an input of receive regardless of DDR value for 
this bit When cleared, the receiver is disabled. 

Bit 4 RIE (Receive Interrupt Enable); When this bit 1s set, 
RDRF (bit 7) or ORFE (bit 6) cause an TRQ2 
interrupt. When cleared, this interrupt is masked. 
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Bit 5 TORE (Transmit Data Register Empty); When the data 
is transferred from the Transmit Data Register 
to Output Shift Register, this bit is set by hard- 
ware. The bit is cleared by reading the status re- 
gister followed by writing the next new data into 
the Transmit Data Register. TDRE is initialized 
to 1 by RES. 

Bit 6 ORFE (Over Run Framing Error); When overrun or 
framing error occurs (receive only), this bit is set 
by hardware. Over Run Error occurs if the attempt 
is made to transfer the new byte to the receive 
data register while the RDRF 1s “1”. Framing 
Error occurs when the bit counter is not synchro- 
nized with the boundary of the byte in the re- 


ceiving bit stream. When Framing Error is de- 
tected, RDRF 1s not set. Therefore Framing Error 
can be distinguished from Overrun Error. That 1s, 
if ORFE is “1” and RDRF is “1”, Overrun Error 
is detected. Otherwise Framing Error occurs. 
The bit 1s cleared by reading the status register 
followed by reading the receive data register, or 
by RES. 

Bit 7 RDRF (Receive Data Register Full); This bit 1s set by 
hardware when the data is transferred from the 
receive shift register to the receive data register. 
It 1s cleared by reading the status register followed 
by reading the receive data register, or by RES. 


Bit 7 Rate and Mode Control Regisier Bit O 


Pecos] 0} 


Transm:t/Receive Contro! and Status Register 


renner me] me [ve] [mo] 


Receive Data Register 


Bene hea, 


Port 2 


Rx 
V1 
Bit 


Clock 1 
Bit 2 


~28 | 


Generator 


(Not Addressabie! 


Receive Shift Register 


Bit Rate 


w 


m 





(Not Addressable) 





Transmit Shift Register 


Ta 
Bit V2 








$13 


Transmit Data Register 


Figure 19 Serial 1/O Register 


7 


6 5 4 3 2 1 0 
Ce Ds De Perea To Pe] 200% sn 


Transfer Rate / Mode Control Register 


Table 5 SCI Bit Times and Transfer Rates 





2 4576 MHz 


—_- -— © Oo 
-_- Oo — 


26 us/38,400 Baud 
2083/4800 Baud 
1 67ms/600 Baud 
6 67ms/150 Baud 

















49152MHz 
1 2288MHz 
13 18/76,800Baud 
104 28/ 9.600Baud 
833 3.s/ 1,200Baud 
3333ms/ 300Baud 







16 ys/62,500 Baud 
128 ys/7812.5 Baud 


1 024ms/976.6 Baud 
4 096ms/244 1 Baud 
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Table 6 SCi Format and Clock Source Control 





CC1 CCO Format Clock Source 
: ; nn _ 
0 1 NRZ internal 
1 0 NRZ Internal 
1 NRZ External! 


ere ns ver se 





* Clock output is available regardless of values for bits RE and TE 


** Bit 31s used for serial input if RE = ‘1° in TRCS 
Bit 4 1s used for serial output if TE = ''1'' in TRCS 


*** This pin can be used as !/O port 


@ Transfer Rate/Mode Control Register (RMCR) 
The register controls the following serial 1/O functions 
-Bauds rate ‘data format * clock source 
*Port 2 bit 2 feature 
It 1s 4-bit write-only register, cleared by RES. The 4 bits are 
considered as a pair of 2-bit fields The lower 2 bits control the 
bit rate of internal clock while the upper 2 bits control the 
format and the clock select logic 
: a Speed Select 
These bits select the Baud rate for the internal clock The 
rates selectable are function of E clock frequency of the CPU. 
Table 5 lists the available Baud Rates 
ae Clock Control/Format Select 
They control the data format and the clock select logic 
Table 6 defines the bit field 


@ Internally Generated Clock 

If the user wish to use externally an internal clock of the 
serial I/O, the following requirements should be noted 

*CC1, CCO must be set to “10” 

* The maximuin clock rate must be E/16. 

- The clock rate 1s equal to the bit rate 

* The values of RE and TE have no effect 


@ Externally Generated Clock 
If the user wish to supply an external clock to the Sertal 
I/O, the following requirements should be noted 
*The CC1, CCO must be set to “11” (See Table 6). 
‘The external clock must be set to 8 times of the desired 
baud rate 
-The maximum external clock frequency 1s E/2 clock 


@ Sernal Operations 
The senal I/O hardware must be initialized by the software 
before operation The sequence will be normally as follows 
*Wiiting the desired operation control bits of the Rate and 
Mode Control Register 
‘Writing the desired operation control bits of the TRCS 
register 
If Port 2 bit 3, 4 are used for serial I/O, TE, RE bits may be 
kept set When TE, RE bit are cleared during SCI operation, 
and subsequently set again, 1t should be noted that TE, RE 
must be kept “O” for at least one bit time of the current baud 
rate If TE, RE are set again within one bit time, there may be 
the case where the initializing of internal function for trans- 
mitter and receiver does not take place correctly 


@ Transmit Operation 
Data transmission 1s enabled by the TE bit in the TRCS 





Port 2 Bit 2 Port 2 Bit 3 Port 2 Bit 4 
Not Used *** oe “¢ 
Output” “* sd 
Input ee ae 
register When set, the output of the transmit shift register 


is connected with Port 2 bit 4 which is unconditionally con- 
figured as an output 

After RES, the user should initialize both the RMC register 
and the TRCS register for desired operation Setting the TE bit 
causes a transmission of ten-bit preamble of “1's Following the 
preamble, internal synchronization is established and the trans- 
mutter 1s ready to operate Then either: of the following states 
eXIsts 

(1) If the transmit data 1egister 1s empty (TDRE = 1), the 

consecutive “1's are transmitted indicating an idle 
states 

(2) If the data has been loaded into the Transmit Data 

Register (TDRE = 0), it is transferred to the output 
shift register and data transmission begins. 

During the data transfer, the start bit (“O") is first trans- 
ferred Next the 8-bit data (beginning at bit 0) and finally the 
stop bit (1) When the contents of the Transmit Data Register 
1s transferred to the output shift register, the hardware sets the 
TDRE flag bit If the CPU fails to respond to the flag within 
the proper time, TDRE 1s kept set and then a continuous string 
of 1’sis sent until the data 1s supplied to the data register 


@ Receive Operation 

The receive operation is enabled by the RE bit The seral 
input 1s connected with Port 2 bit 3. The receiver operation 
is determined by the contents of the TRCS and RMC register 
The received bit stream 1s synchronized by the first ‘O” (start 
bit) During 10-bit time, the data 1s strobed approximately at 
the center of each bit If the tenth bit is not ‘1’ (stop bit), 
the system assumes a framing error and the ORFE 1s set 

If the tenth bit is “1”, the data 1s transferred to the receive 
data register, and the RDRF flag 1s set. If the tenth bit of the 
next data is received and still RDRF 1s preserved set, then 
ORFE 1s set indicating that an overrun error has occurred 

After the CPU read of the status register as a response to 
RDRF flag or ORFE flag, followed by the CPU read of the 
receive data register, RDRF or ORFE will be cleared. 


= RAM CONTROL REGISTER 
The register assigned to the address $0014 gives a status 
information about standby RAM 


RAM Control! Register 


? 6 5 4 3 2 1 0 
Bit O Not used. 


Bit 1 Not used. 
Bit 2 Not used. 
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Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 
Bit 6 RAM Enable (RAME). 

Using this control bit, the user can disable the RAM RAM 
Enable bit is set on the positive edge of RES and RAM 1s 
enabled. The program can write “1” or “QO” If RAME 1s 
cleared, the RAM address becomes external address and the 
CPU may read the data from the outside memory. 

Bit 7 Standby Power Bit (STBY PWR) 

This bit can be read o1 written by the user program. It is 
cleared when the V... voltage 1s removed. Normally this bit 
is set by the program before going into stand-by mode When 
the CPU recovers from stand-by mode, this bit should be 
checked If itis “1”, the data of the RAM ts retained during 
stand-by and it 1s valid. 


® GENERAL DESCRIPTION OF INSTRUCTION SET 
The HD6303R_ has an upward object code compatible with 
the HD6801 to utilize all instruction sets of the HMCS6800 
The execution time of the key instruction 1s reduced to increase 
the system through-put In addition, the bit operation instiuc- 
tion, the exchange instruction between the index and the 
accumulator, the sleep instruction ate added. This section 
describes 
*CPU programming model (See Fig. 20) 
- Addressing modes 
‘Accumulator and memory manipulation instructions (See 
Table 7) 
* New instructions 
‘Index register and stack manipulation imstructions (See 
Table 8) 
* Jump and branch instructions (See Table 9) 
‘Condition code register manipulation instructions (See 
Table 10) 
*Op-code map (See Table 11) 
- Cycle-by-cycle operation (See Table 12) 


@ CPU Programming Mode! 

The programming model for the HD6303R is shown in Fig- 
ure 20. The double accumulator is physically the same as the 
accumulator A concatenated with the accumulator B, so that 
the contents of A and B is changed with executing operation of 
an accumulator D. 


8 Bit Accumulators A and B 
Or 16 Bit Double Accumulator D 


Index Register (X) 





Stack Pointer (SP) 


Program Counter (PC) 


? ) 
Pifsfaf efnt2f vic] Condition Code Register (CCR) 
Carry /Botrow from MSB 
Overflow 
Zero 
Negative 
Interrupt 
—— Half Carry (From Bit 3) 


Figure 20 CPU Programming Model 


@ CPU Addressing Modes 
The HD6303R has seven address modes which depend on 
both of the instruction type and the code. The address mode for 


HD6303R, HD63A03R, HD63B03R 


every instruction is shown along with execution time given in 
terms of machine cycles (Table 7 to 11). When the clock 
frequency is 4 MHz, the machine cycle will be microseconds. 
Accumulator (ACCX) Addressing 

Only the accumulator (A or B) is addressed. Either accumula- 
tor A or B is specified by one-byte instructions. 
immediate Addressing 

In this mode, the operand is stored in the second byte of the 
instruction except that the operand in LDS and LDX, etc are 
stored in the second and the third byte. These are two or 
three-byte instructions. 
Direct Addressing 

In this mode, the second byte of instruction indicates the 
address where the operand is stored. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine; 
locations zero through 255. Improved execution times are 
achieved by storing data in these locations. For system 
configuration, it is recommended that these locations should be 
RAM and be utilized preferably for user’s data realm. These are 
two-byte instructions except the AIM, OIM, EIM and TIM 
which have three-byte. 
Extended Addressing 

In this mode, the second byte indicates the upper 8 bit 
addresses where the operand is stored, while the third byte 
indicates the lower 8 bits. This is an absolute address in 
memory. These are three-byte instructions. 
Indexed Addressing 

In this mode, the contents of the second byte 1s added to the 
lower 8 bits in the Index Register. For each of AIM, OIM, EIM 
and TIM instructions, the contents of the third byte are added 
to the lower 8 bits in the Index Register. In addition, the result- 
ing “carry” is added to the upper 8 bits in the Index Register. 
The result 1s used for addressing memory. Because the modified 
address is held in the Temporary Address Register, there is no 
change to the Index Register. These are two-byte instructions 
but AIM, OIM, EIM, TIM have three-byte. 
Implied Addressing 

In this mode, the instruction itself gives the address; stack 
pointer, index register, etc. These are 1-byte instructions. 
Relative Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the program counter. The resulting carry or 
borrow is added to the upper 8 bits. This helps the user to 
address the data within a range of —126 to +129 bytes of the 
current execution instruction. These are two-byte instructions. 
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Table 7 Accumulator, Memory Manipulation Instructions 


Condition Code 








Addressing Modes Register 












saa | IMMEO | DIRECT | INDEX AnthmencOperanon [5141312] 7 [0 
= [+ [or | |e or |- [= [or - |e] or | || [| fe [ve 
Add | ADDA | 88 | 2 yz feeds 2 ae fe 2 jeeps fo | | eee a he [ee 343 
[| anos |cel2{2jos|3|2feel«{2[reia[3] | | je+m—-e [tt ie|ttt ists 
Add Doobie | apo |c3 [3/3 [03/4 |2lea[s|2|ra[s|3} | [| [A e+m m+i~a 8 le le|s]s/s]t 
Add Accumuletors| ABA | | [ [ | [ t tt tf | feist ja+e-a EUCOEEAEAE 
Add With Carry Bred ou PIPE ERCHETICHCG ACTED Webs CCC eS ACUI CUD i 
| aoce |col2{2foo{3|2jes|ai2irolaj3] | | ja+mec~e  [tlelsisiz{s 
AND anon tee fa tz joe ta fina az et et AMA fe jeli{t {rie 
[2 [p4a[3 |2 [ea [4 |2 Poe GMT ° 
Bit Test [| siTA | ne [3 [2 fas|4 {2 jesje{3) | | [Am fe fe {s/t |RIo 
es |2[2jos[3[2[es|«{2jrs[ai3] | | jem fe fe f(t IR fo 
Clear pcon TT TT fer fsi2 ie isis] | | foo~m je je {ris |r iA 
cena ff R 
| corp | | | | | TT TT | sr jsf foo-e fe je |R{S|RIA 
Compare ewe er te fa tor a eae eet A-M fe fe {es [sis 
| cmea fer [2[2for{s[2lerfal2|er [43] | | fe-m fe fe titles 
nn ee eo ee SSCL 
Accumulators 
Complement t's [| com | [| | [ | | fesfel2 [73 je[s] | | [m-m fe fe it ti ints 
| coma | of fT tT TT Ty ty fasts faa ete [z(t [RIS 
| come | [TT ttt Tt Ty fsa[s fs fe ~e [@ te [¢ 13 |RIs 
Comptement,2's | NEG | | | [| | | feofel2 [vole {3} | | joo-m~m je jeitis |@ 2 
(Negate) | nega | [TT tT Tt ttt ff feo [i [i foo-a-a fe fe [t[s [om] 
| nece | [tt ttt Ty fy fsoji fs foo-s~s fe lols] [ala 
cvemasaanea | om | | | TT LL LL || | fe tals [Sect farmer |* [* [|| [a 
Decrement p oec | | | | feat ei2 trate fs] ft iw-t-m fe do [ett lols 
p oeca | | TT tT TT TTT Ty feat ty fa-t~ a defo lttt lore 
oe ad arta tett tt Roles HE @le 
ExcusweOR = |_ EORA | 88 |2 [2 |98 | 3 |2 |B | 4 [2 Jes [4 [3 ROMA le etki 
| ore jce |2|2 08/3 |2 |ea }4 [2 |ra [4 [3] | | [8 a 
Increment pinc =| tT dT TT tec {e [2 Cm ee 
WAM ff bY | | | facts fs | 
ee ey tetas 
Load LOAA__|86 |2|2 |96 |3 [2 |a6| 4/2 [a6 [4 [3 | 
cauleat Loas | ce |2 [2 [06 | PICS CAEACCGH Gla 
kcimis__| 100_foe/s[ajoe|e Pfecls|2 else] | || 
Multiply Unsigned 7 
OR, Inclusive te 9A . 2 1BA appeett 
onan =| esa a os/ siz] es] sia eal SII 
eee eee ee aa 2 re 
| psue | | | | fs eee ie ad oe ok Cod 
Pull Data p pura | oT TT TT TT TT [a2 [afi tse+i— semis a [ee [ole [ele 
ree ee asta 
Rotate Left Bee ta tft td ee pers et ate 
ROU ANS Soe ed a hd 
eee ft ttt tthetetep fot 
Rotate Right on tebe telat 
io ee ats 
[rons | [PP PPTL ehh 





= 
fo) 


Note) Condition Code Register will be explained in Note of Table (to be continued) 
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Table 7 Accumulator, Memory Manipulation Instructions 




















Addressing Modes Se eugaee 
oe [imo [OrneeY [ inbex [EXTEND [WPLED] anaeetrurnon (8[*13 [2/5 [9 
jor |~|« |or|~ |# [or] ~ |» lor |~[#]or]~]« ely} [ve 
shift Lett ase {| | | | Ct | feos fel2iejel3] | ot ia nee DBORBRCE 
aca TT TT Tr BOGROL 
vaste | TT) Ter yy ie] OOgROE 
re ee ee BSGace 
soatrame | ase | | || | | lo felepofefsy [I Phi oh 
| asrea | oT TT TE TT TE TT a OORROE 
P asrea | oT tT tT tT tT tT TET et [sz {ads OORROE 
Shift Right P use] | | | | fea to lair iels] | | BaOB On 
me ptsra tT EE TE fae 43 [ee [Rs Ol? 
p usrea | of] |] TT TT TT TT sed je le {Ri 3 @l3 
Pre ee ee BOQaCt 
Right Logical 
Store stan | | | |97 {3 [2la7[4{2ie7{4{3/ | | [a= jefe is {st [Ale 
Aecumuimor [stan [| foviaplertalz(erfefy [[je-— Tee efi ire 
Scene | sto [| | foojalzfeojs|z(rols|s| | | fesmen ede [tft nye 
Accumulator B+ M+1 
Subtract | suea |eo|2|2\90|3|2]ao|4|2|aol4|3| | | [a-m-a se fo it te [2 | 
| suse [col2{2{oo/3/2\eo|4/2\Fol4[3/ | | [e-m-e  —s fe fe {s{t[s | 
Double Subwact_ | suso | 83 |3/3 |93 [4 |2/a3|5 {2 [83 [5/3] | | [A @-M Mei-a B [ele [s[s[t/3 
ee ee ee GOOG 
Subtract | seca | 82 |2]2 |92 |3 [2 [az{a [2 |ez{4 [3] | | [A-m-c~a~ CICIOEERE 
Soe | seca [c2{2[2[o02[3 j2[e2|4[2lr2{4|3[ | | je-m-c-8 [ele [s{s [sis 
Transfer 7 ee eee je fe [t[t |R[e 
Accumutetors = | maa tT CT TT Tl ET tT Tt [zfs fea le Ts [a [Ro 
Test Zero o | wst | {| | | | { feofa{2jolais} | | [m-o jeje is | iRIR 
mous | tsa | | Td] UT TT TT TT feos [a Ja -00 fe Je js |s [RIA 
| tsre | | tt | Tt TTT fT Js0]s [y Je - 00 DORRWL 
Andimmedate | AM = | | | [ajelsjet7{s) | |] [| [ [mimmom  fele|: (1 [rle 
ORimmedate | om =| | | [7z}e[3ie2]7/3] | | ttf [M+iwmom pele |z[s[rle 
EOR immediate | EM | | | |7sieiaiesi7(3} | | | | | [Memm—m fele[s|t|RIe 
Test immediate | Tim | | | fei sisfesis}3] {| |] | | [Mim fefeti ii tale 
Note) Condition Code Register will be explained in Note of Table 10 
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@ New Instructions 
In addition to the HD6801 Instruction Set, the HD6303R 
has the following new instructions: 
AIM ----(M) « (IMM) > (M) 
Evaluates the AND of the immediate data and the 
memory, places the result in the memory. 
OIM- --- (M) + (IMM) > (M) 
Evaluates the OR of the immediate data and the 
memory, places the result in the memory. 
EIM----(M) @ (IMM) > (M) 
Evaluates the EOR of the immediate data and the 
memory, places the result in the memory. 


TIM----(M) > (IMM) 
Evaluates the AND of the immediate data and the 
memory, changes the flag of associated condition code 
register 

Each instruction has three bytes; the first is op-code, the 

second is immediate data, the third is address modifier. 

XGDX- -(ACCD) + (1X) 
Exchanges the contents of accumulator and the index 
register. 

SLP----The MPU is brought to the sleep mode. For sleep 
mode, see the ‘“‘sleep mode”’ section. 


Table 8 Index Register, Stack Manipulation Instructions 























Addressing Modes aga acs 
Pointer Operations on ai 
oIRECT | INDEX | EXTEND Arithmetic Operation | 5141312] 1 ]0 
ae [# lop |~ | # [op [~]# [or [~ | fH iN [z|vic 
Compare index Reg 2 ACE LAE petets[s [a : 
Decrement Index Reg Ft felelelslele 
Decrement Stack Pntr elec to. jejeje lele| 
increment index Reg pty fejeleitie| . 
Increment Stack Pntr > ee it pelelelele . 
Load Index Reg ees or felel@/t [Rls 
Load Stack Pntr 2 | 5 | 15/3} | i M + SPig, (M41) + SPL fe }ei@}t {R] bd 
Store Index Reg 2jer|s|2[er[s{3] | | [xw>m.x.~imen) [ele lols [Ale 
Store Stack Pree 2 | 5 | 2 | eas SP, + M, SP, > (M+ 1) fo [e ®t [RI ._ 

Index Reg — Stack Pntr a he ot | te X-1- SP pelelelele| is 
_ Steck Prtr + Index Reg Y ae a SP + 1+ X fejelelele| . 
Add eae | | |3aji it ie+x—x  felelelelele 
Push Data 3c Xi + Mgp, SP - 1 > SP . 

~ ELLE cress so PETTY 
Pull Date 38 SP + 1-+ SP, Mgpy > XH ® 

PP eres PPE TT 
Exchange PE TEL TE [ele ts ACCD-*IX fejelelele| rs 
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Table 9 Jump, Branch Instruction 


Addressing Modes Condition Code 
Register 


[oer Textene Tomes | temnr  falalafa fe 
lop |~ | # lop |~ | # |or| fH] iinizivic 


Operations RELATIVE 
oP 


Branch Always 
Branch Never 
Branch If Carry Clear 
~~ Branch If Carry Set 
Branch If = Zero 
Branch If > Zero 
Branch If > Zero 
Branch tf Higher 
Branch If < Zero 
Branch If Lower Or _ 
Seme a 
Branch If < Zero 
Branch If Minus _ 


Branch if Not Equal 
Zero 


Branch 1" Overflow 
Cleer 


Branch if Overflow Set 
Branch If Plus 

Branch To Subroutine 
Jump 


Jump To Subroutine | sR 


Return From Interrupt]; ATI 


a 











Z+(N@V)=0 





213 
@;e 








Mi arauars contre se 


(saben eee eee eee Re ae 
| 


ST oemoe cecees 








BEGEORIECORIGEE 


Advances Prog Cntr 
Only 


| 
© 
| 


SMEAR Eee eee 


aie, 8 ST TT 





slg ATs serie 
Software interrupt Swi | je [s Je | je = 
Wait for interrupt® WAI | | ¢ [Oe |e Je | . 

=: L stp dT aa To [ole fo [ole 


“WAI puts R/W high, Address Bus goes to FF FF; Data Bus goes to the three state 


Mote) Condition Code Register will be explained in Note of Table 10 
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Table 10 Condition Code Register Manipulation Instructions 


Condivon Code Regate 
soauans IMPLIED Boolean Operation rst«[3][2]1 Jo 














Clear Carry 
Clear Interrupt Mask pejRielelel|e 
“clea Overt rete fe fe tate 
Set Carry 7 Pe feoleole | s 
Set Interrupt Mask Tsteflele | - 
“Set Overtion refepefe [ste 
Accumuletor A -- CCR = Qg ——— 
CCR + Accumulator A fefelele]e | a 
{NOTE 1] Condition Code Register Notes (Bit set if test 1s true and cleared otherwise) 
@ (BitV) Test Result = 10000000? 
@ (BitC) Test Result ¥ 000000007 
@ (BitC) Test BCD Character of high-order byte greater than 9 ? (Not cleared if previously set) 
@ (BitV) Test Operand = 10000000 prior to execution? 
6 (BitV) Test Operand = 01111111 prior to execution? 
© (Bit V) Test Set equal to NeC=1 after the execution of instructions 
@ (BitN) Test Result less than zero? (Bit 15=1) 
®) (All Bit) Load Condition Code Register from Stack 
(g (Bit I) Set when interrupt occurs If previously set, a Non-Maskable Interrupt 1s required to exit the wait 


state 
0) (All Bit) Set according to the contents of Accumulator A 
@ (Bit C) Result of Multiplication Bit 7=1 of ACCB? 
(NOTE 2] CLI instruction and interrupt 

If interrupt mask-bit 1s set (I=‘‘1"") and interrupt ts requested (IRQ, = ‘0’ or IRQ; = 0"), 
and then CL! instruction is executed, the CPU responds as follows 

The next instruction of CLI ts one-machine cycle instruction 

Subsequent two instructions are executed before the interrupt ts responded. 

That is, the next and the next of the next instruction are executed. 

The next instruction of CLI 1s two-machine cycle (or more) instruction. 

Only the next instruction is executed and then the CPU jump to the interrupt routine 
Even if TAP instruction ts used, instead of CLI, the same thing occurs. 


Table 11 OP-Code Map 


OP [Pace Pace Te 
CODE A | 8B 


HI | 0000 

Le oes 

000 | 0 “SBA | TS 
|0001 | 1 | NOP | CBA | BRN | IN 

CO ENe ae 


~ ACCB or X 


EXT | IMM | DIR | IND | EXT 
ion | vi00 | nor | ie [ nt | 
Lets 


€ F 















joo | 8 | 
| 0100 | 4 | LSRD 


oro!) 5 | ASLO 
[0110 | 6 | TAP 
Olt | 7 | TPA 
| 1000] 8 | INX 














ed 0s Ca 











UNDEFINED OP CODE 
* Only for instructions of AIM, OIM, E!M, TIM 
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® Instruction Execution Cycles 

In the HMCS6800 series, the execution cycle of each instruc- 
tion is the number of cycles between the start of the current 
instruction fetch and just before the start of the subsequent 
instruction fetch. 

The HD6303R uses a mechanism of the pipeline control 
for the instruction fetch and the subsequent instruction fetch 
is performed during the current instruction being executed. 


Therefore, the method to count instruction cycles used in 
the HMCS6800 series cannot be applied to the instruction 
cycles such as MULT, PULL, DAA and XGDX in the HD6303R. 

Table 12 provides the information about the relationship 
among each data on the Address Bus, Data Bus, and R/W status 
in cycle-by-cycle basis during the execution of each instruction. 


Table 12 Cycle-by-Cycle Operation 
Address Mode & 












































































iermenone | Cycles mgs | Address Bus R,/W | Data Bus 
IMMEDIATE 
ADC ADD 1 4 Op Code Address+ 1 1 Operand Data 
AND BIT 2 Op Code Address+2 1 Next Op Code 
CMP OR 1-2 
LDA ORA | 
See ee Ree ee ee ee ne ee ae 
ADDD CPX | 1 | Op Code Address+ 1 1 Operand Data (MSB) 
LODO LDS 3 2 Op Code Address+2 1 Operand Data (LSB) 
LDX SUBD | 3 Op Code Address+3 1 | Next Op Code 
DIRECT 
ADC ADD ae Op Code Address+ 1 1 Address of Operand (LSB) 
AND BIT | 2 Address of Operand 1 Operand Data 
CMP EOR 3 3 Op Code Address+ 2 1 Next Op Code 
LDA ORA | 
SBC SUB 
‘STA ee TT | Op Code Address + 1_ 1 Destination Address 
| 3 2 Destination Address 0 Accumulator Data 
| 3 Op Code Address+2 1 Next Op Code 
ADDD cPx |! 1 4” | Op Code Address+1 ~~ 1 | Address of Operand (LSB) 
LDD LDS ; | 2 Address of Operand 1 | Operand Data (MSB) 
LDX SUBD . 3 Address of Operand+1 1° Operand Data (LSB) 
- 4 Op Code Address+ 2 1 Next Op Code 
std. STS — | “4 | Op Code Address+1 | #1 Destination Address (LSB) _ 
STX ae 2 Destination Address ‘@) Register Data (MSB) 
3 Destination Address+ 1 O Register Data (LSB) 
4 Op Code Address+ 2 1 Next Op Code 
JSR 1 Op Code Address+1 = | 1 + Jump Address (LSB) 
2 FFFF 1 _ Restart Address (LSB) 
3 Stack Pointer 6) Return Address (LSB) 
4 Stack Pointer — 1 O = Return Address (MSB) 
5 Jump Address 1 First Subroutine Op Code 
TIM 1 Op Code Addresst1 1" Immediate Data ; 
2 Op Code Address+ 2 1 Address of Operand (LSB) 
3 Address of Operand 1 Operand Data 
4 Op Code Address +3 1 Next Op Code _ 
“AIM EIM 1 Op Code Addresst+ 1 1 Immediate Data 
OIM 2 Op Code Address+2 1 4 Address of Operand (LSB) 
3 Address of Operand 1 Operand Data 
4 FFFF 1 Restart Address (LSB) 
5 Address of Operand 0 New Operand Data 
6 Op Code Address+3 1 Next Op Code 


— Continued — 
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Address Mode & 
Instructions 


Table 12 Cycle-by-Cycle Operation (Continued) 








INDEXED 
JMP 
3 
tiene siete Se =o8 | 
ADC ADD 
AND BIT 
CMP EOR r 
LDA ORA 
SBC SUB 
IST . 
STA | | 
4 
~ ADDD 
CPX LDD 
LDS LDX 5 
SUBD 
“STD STS | : 
STX 


ROR 


TIM 


CLR 


AIM 
OIM 








—-------4- 
5 
5 
EIM 
7 








| 
Cycles oe | 


PWN WKH = 


NOOR WN OF B&W DY —/O POD HOO R WH HOH ONHM HOR WH HH TAA WH - HRWDHD —, 


“Op Code Address +1 


Address Bus 


Op Code Address + 1 
FFFF 
Jump Address 


FFFF 
IX + Offset 
Op Code Address+ 2 


Op Code Address +1 
FFFF 

IX + Offset 

Op Code Address+ 2 
Op Code Address+ 1 
FFFF 

1X + Offset 

IX + Offset+ 1 

Op Code Address + 2 
Op Code Address + 1 
FFFF 

IX + Offset 

IX + Offset + 1 

Op Code Address + 2 








i 


Op Code Address + 1 

FFFF 

Stack Pointer 

Stack Pointer — 1 

IX + Offset 

Op Code Address + 1 

FFFF 

IX + Offset 

FFFF 

iX + Offset 

Op Code Address+ 2 

Op Code Address + 1 

Op Code Address+2 

FFFF 

IX + Offset 

Op Code Address+3 
Op Code Address+1_ 

FFFF 
IX + Offset 

IX + Offset 

Op Code Address+2 

Op Code Address+1_ 
Op Code Address +2 
FFFF 

IX + Offset 
FFFF | 
\X + Offset 
Op Code Address+3 





1 
' \ ‘ 


++++- 


| 





| ; 
HOt tts 20+-- 
i 
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| R/W 





















Data Bus 


Offset 
Restart Address (LSB) 
First Op Code of Jump Routine 


- Offset 


Restart Address (LSB) 
Operand Data 
Next Op Code 


Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 

Offset 

Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 
Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 
Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
Offset 

Restart Address (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Op Code 
Immediate Data _ 
Offset 

Restart Address (LSB) 
Operand Data 

Next Op Code 

Offset 

Restart Address (LSB) 
Operand Data 

00 

Next Op Code 
‘Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


— Continued — 
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Table 12 Cycle-by-Cycle Operation (Continued) 


as Address Bus RW 


Op Code Address+ 1 
Op Code Address+ 2 
Jump Address 

Op Code Addresst+1 
Op Code Address+ 2 
Address of Operand 
Op Code Address+3 













Sots oes 























( 
i 
{ 





‘Op Code Address+1— 
Op Code Address+ 2 
Destination Address 

Op Code Address+3 

“Op Code Address + 1 

Op Code Address+ 2 
Address of Operand 
Address of Operand + 1 

Op Code Address+3 

“Op Code Address+ 1 

Op Code Address+ 2 
Destination Address 
Destination Address + 1 

Op Code Address+3 

Op Code Address+1 
Op Code Address+ 2 

FFFF 

Stack Pointer 

Stack Pointer — 1 

Jump Address 

















1 


[ 





EXTEND 
JMP 

“ADC ADD TST 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 
STA 

“ADDD.—” 
CPX LDD 
LDS LDX 
SUBD 

“STD STS. 
STX 

GR ee Pe 

ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 
CLR 





" Op Code Address+1 
Op Code Address+2 
Address of Operand 
FFFF 
Address of Operand 

Op Code Address+ 3 

Op Code Address+ 1 

Op Code Address+ 2 

Address of Operand 

Address of Operand 

Op Code Address+ 3 

















NPWNHAMDARWNADTEPWNH A OPWNHORWH ARWNH 
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Data Bus 


Jump Address (MSB) 

Jump Address (LSB) 

Next Op Code 

Address of Operand (MSB) — 
Address of Operand (LSB) 
Operand Data 

Next Op Code 


~ Destination Address (MSB) 


Destination Address (LSB) 
Accumulator Data 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 

Next Op Code 

Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 

Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 





~ Address of Operand (MSB) 


Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Op Code 
Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

00 

Next Op Code 


— Continued — 
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Table 12 Cycle-by-Cycle Operation (Continued) 






































pddress Noce Cycles Cycle | Address Bus R/W Data Bus 
Instructions 
IMPLIED 
ABA ABX 1 Op Code Address + 1 T 1 | Next Op Code 
ASL ASLD 
ASR CBA | 
CLC CLI | 
CLR CLV : 
COM DEC 
DES DEX 
INC INS ! 
INX LSR : 1 
LSRD ROL | 
ROR NOP | 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 
~ DAA XGDX~ a “1 | Op Code Addresst+1 | 1. | Next Op Code 
2 FFFF 1 Restart Address (LSB) 
PULA  PULB _ “1 | Op Code Address+1 1 | Next Op Code | “ 
3 2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer + 1 1 Data from Stack 
“PSHA PSHB | | 1. | OpCodeAddresst1 1 | Next Op Code — 7 
4 2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer 0 Accumulator Data 
ia dann Seg Si ace ante, he ODAC OOS ROUTE SSNs. unclean | Next Op Code_ ae! 
PULX 1 Op Code Address + 1 1 Next Op Code 
4 2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer + 1 1 Data from Stack (MSB) 
4 Stack Pointer+2 1 Data from Stack (LSB) 
PSHX | | 4. | Op Code Address + 1 || Next Op Code 
2 FFFF 1 Restart Address (LSB) 
5 3 Stack Pointer 0 Index Register (LSB) 
4 Stack Pointer—1 0 Index Register (MSB) 
5 Op Code Address + 1 1 Next Op Code 
“RTS ~ 41 | Op Code Address +1 | Next Op Code 
2 FFFF 1 Restart Address (LSB) 
5 3 Stack Pointer+1 | Return Address (MSB) 
4 Stack Pointer+2 1 Return Address (LSB) 
5 Return Address 1 First Op Code of Return Routine 
MUL _ 1 Op Code Address+ 1 1 | Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 FFFF 1 Restart Address (LSB) 
7 4 FFFF 1 Restart Address (LSB) 
5 | FFFF 1 Restart Address (LSB) 
6 FFFF 1 Restart Address (LSB) 
7 FFFF 1 Restart Address (LSB) 
— Continued — 
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Table 12 Cycle-by-Cycle Operation (Continued) 










































Instructions bef 
IMPLIED 
WAI 1 Op Code Address+ 1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer 0 Return Address (LSB) 
4 Stack Pointer — 1 @) Return Address (MSB) 
5 Stack Pointer — 2 0) Index Register (LSB) 
6 Stack Pointer —3 0 Index Register (MSB) 
7 Stack Pointer—4 0 Accumulator. A 
8 Stack Pointer—5 1) Accumulator B 
9 Stack Pointer —6 O Conditional Code Register 
RT| 1 Op Code Address+ 1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer +1 1 Conditional Code Register 
4 Stack Pointer+2 1 Accumulator B 
10 5 Stack Pointer+3 1 Accumulator A 
6 Stack Pointer+4 1 Index Register (MSB) 
7 Stack Pointer+5 1 Index Register (LSB) 
8 Stack Pointer +6 1 Return Address (MSB) 
9 Stack Pointer +7 1 Return Address (LSB) 
10 Return Address 1 First Op Code of Return Routine 
SWI 1 Op Code Address + 1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer 0 Return Address (LSB) 
4 Stack Pointer — 1 0 Return Address (MSB) 
5 Stack Pointer — 2 0 Index Register (LSB) 
12 6 Stack Pointer — 3 0 Index Register (MSB) 
7 Stack Pointer — 4 0 Accumulator A 
8 Stack Pointer — 5 0 Accumulator B 
9 Stack Pointer — 6 0 Conditional Code Register 
10 Vector Address FFFA 1 Address of SWI Routine (MSB) 
Vector Address FFFB 1 Address of SWI Routine (LSB) 
Address of SWI Routine 1 First Op Code of SWI Routine 
SLP Op Code Address+ 1 1 Next Op Code ) 
FFFF 1 Restart Address (LSB) 
FFFF High Impedance-Non MPX Mode 
Address Bus -MPX Mode 
FFFF Restart Address (LSB) 
Op Code Address + 1 Next Op Code 
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Address Mode & 


Table 12 Cycle-by-Cycle Operation (Continued) 











Cycles Cycle Address Bus | RW Data Bus 
Instructions 4 
RELATIVE 
BCC BCS 1 Op Code Address+ 1 1 Branch Offset 
BEQ BGE 3 2 =| FFFF 1 Restart Address (LSB) 
BGT BHI 3 | Branch Address ‘Test="1" | 1 First Op Code of Branch Routine 
BLE BLS Op Code Address+1 -Test="0" Next Op Code 
BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS a 
BSR ~~)" "41 “Tp Code Address+1_ 7 “Offset i (i‘Csé;O~™~;~™S 
2 FFFF Restart Address (LSB) 
5 3 Stack Pointer Return Address (LSB) 
4 Stack Pointer —1 Return Address (MSB) 
5 Branch Address First Op Code of Subroutine 











@ LOW POWER CONSUMPTION MODE 
‘The HD6303R has two low power consumption modes; sleep 
and standby mode. 


@ Sleep Mode 

On execution of SLP instruction, the MPU 1s brought to the 
sleep mode. In the sleep mode, the CPU stops its operation, 
but the contents of the registers in the CPU are retained. In this 
mode, the peripherals of CPU will remain active. So the opera- 
tions such as transmit and receive of the SCI data and counter 
may keep in operation. In this mode, the power consumption 
is reduced to about 1/6 the value of a normal operation. 

The escape from this mode can be done by interrupt, RES, 
STBY. The RES resets the MPU and the STBY brings it into the 
standby mode (This will be mentioned later), When interrupt is 
requested to the CPU and accepted, the sleep mode is released, 
then the CPU is brought in the operation mode and jumps to 
the interrupt routine. When the CPU has masked the interrupt, 
after recovering from the sleep mode, the next instruction of 
SLP starts to execute. However, in such a case that the timer 
interrupt is inhibited on the timer side, the sleep mode cannot 
be released due to the absence of the interrupt request to the 
CPU. 





This sleep mode is available to reduce an average power 
consumption in the applications of the HD6303R which may 
not be always running. 


@ Standby Mode 

Bringing STBY “Low”, the CPU becomes reset and all 
clocks of the HD6303R become inactive. It goes into the 
standby mode. This mode remarkably reduces the power con- 
sumptions of the HD6303R. 

In the standby mode, if the HD6303R is continuously sup- 
plied with power, the contents of RAM is retained. The standby 
mode should escape by the reset start. The following is the 
typical application of this mode. 

First, NMI routine stacks the CPU’s internal information and 
the contents of SP in RAM, disables RAME bit of RAM control 
register, sets the standby bit, and then goes into the standby 
mode. If the standby bit keeps set on reset start, it means that 
the power has been kept during stand-by mode and the contents 
of RAM is normally guaranteed. The system recovery may be 
possible by returning SP and bringing into the condition before 
the standby mode has started. The timing relation for each line 
in this application is shown in Figure 21. 


k<—> }~—>4 
’ Stack registers Oscillator | 
> RAM contro! stabilizing 
register set tme 
restart 
Figure 21 Standby Mode Timing 
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® ERROR PROCESSING 

When the HD6303R fetches an undefined instruction or 
fetches an instruction from unusable memory area, it generates 
the highest priority internal interrupt, that may protect from 
system upset due to noise or a program error, 


@ Op-Code Error 

Fetching an undefined op-code, the HD6303R will stack the 
CPU register as in the case of a normal interrupt and vector to 
the TRAP ($FFEE, $FFEF), that has a second highest priority 
(RES is the highest). 


@ Address Error 

When an instruction is fetched from other than a resident 
RAM, or an external memory area, the CPU starts the same 
interrupt as op-code error, In the case which the instruction 1s 
fetched from external memory area and that area is not usable, 
the address error can not be detected. 

The address which cause address error are shown in Table 
13. 

This feature is applicable only to the instruction fetch, not to 
normal read/write of data accessing. 


Transitions among the active mode, sleep mode, standby 
mode and reset are shown in Figure 22. 

Figures 23, 24 show a system configuration. 
The system flow chart of HD6303R is shown in Figure 25, 


Table 13 Address Error 


Address Error 
$0000 ~ $001F 





Address Bus Data Bus 


Figure 23 HD6303R MPU Multiplexed Mode 





Figure 22 Transitions among Active Mode, Standby Mode, 
Sleep Mode, and Reset 





Address Bus Data Bus 


Figure 24 HD6303R MPU Non-Multiplexed Mode 
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PCL — MSP 
a ee ares 





NO 
< YES 
NO EXECUTE ACCA -MSP.4 
YES ACCB -- MSP-5 
@) — Leerce 
NO CCR -+ MSP-6 
YES 
<SLEEP> 
WAI 
NO (S) 


YES REQUEST 
g ee | © 
<jRO2> 


N SLEEP FI 
















VECTORING]| | VECTORING 
Free, reer 


VECTORING 


VECTORING 






NMI INTERRUPT 
REQUEST FLAG 
CLEAR 


INTERRUPT REQUEST FLAG 
EXCEPT NMI CLEAR 
(A) 
Figure 25 HD6303R System Flow Chart 
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@ PRECAUTION TO THE BOARD DESIGN OF OSCILLA- Rona ie 
TION CIRCUIT ne ze _- Avoid signal lines 
As shown in Fig. 26, there 1s a case that the cross talk dis- “an this area 
turbs the normal oscillation if signal lines are put near the 
oscillation circuit. When designing a board, pay attention to a 
this. Crystal and Cy must be put as near the HD6303R as 
possible. a 
E 
E 
oO 
N 





XTAL 






EXTAL 






HD6303R 





----------}---+---Signal line 
----------|----]--- Signal line 





HD6303R 
(DP-40) 





Do not use this kind of print board design 


Figure 26 Precaution to the boad design (Top View) 
of oscillation circuit 
Fig. 27 Example of Oscillation Circuits in Board Design 


= PIN CONDITIONS AT SLEEP AND STANDBY STATE 
© Sleep State 

The conditions of power supply pins, clock pins, input pins 
and E clock pin are the same as those of operation. Refer to 
Table 14 for the other pin conditions. 





® Standby State 

Only power supply pins and STBY are active. As for the 
clock pin EXTAL, its input is fixed internally so the MPU is 
not influenced by the pin conditions. XTAL 1s in “1” output. 
All the other pins are in high tmpedance. 


Table 14 Pin Condition in Sleep State 



































































a Mode Non Multiplexed Mode Multiplexed Mode 
Function 1/O Port | 1/0 Port 
ee Condition - Keep the condition just before sleep = 7 OO 
Ao/Pi0 ~ AddressBus(Ap~A7) | SSSst*~<CS~st‘s«sd Pets 
A7/Pi7 Output “1” Keep the condition just before sleep 
reg CF Function ; ___ Address Bus (As~Ais) | ____ Address Bus (Ag~Ais) _ 
Condition | ———_— Output “1” - ee ee ened ET oe sates 
Do/Ao ~ Function Data Bus (Dy ~D-) E: Address Bus (Ay ~A7), E: Data Bus 
D7/A2 Condition “"""High Impedance = ~~ | ~—«E: Output “1, E: High Impedance 
Function |  R/WSignl | RWSignal 
R/W a a ee ea ee Se ta Se ae sees ay 
Condition Output “1” ——- 








a re ne ney 


eae anal 2 output as 
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Table 15 Pin Condition during RESET 


Multiplexed Mode 








High tmpedance 
cers eee eee 
Ao/Pio ~ A7/P17 High Impedance 




















pe ne a ne ee er Het ee 








High Impedance 


Do/Ao ~ D7/A7 





—E “1 Output 
High Impedance E “1 Output “er 
coi gk NUD DECADE. 2 





“1” Output “ 








E . "1" Output 
E - High Impedance 








(Note) tn the multiplexed mode, the data bus ts set to ‘’1’’ output state during E = ''1"' and it causes the conflict with the output of 
external memory Following 1 and 2 should be done to avoid the conflict, 
(1) Construct the system that disables the external memory during reset 
(2) Add 47k pull-down resistance to the AS pin to make AS pin ‘'0” level during E = "1" 
data bus high impedance state 


This operation makes the 


® RECEIVE MARGIN OF THE SCI 
Receive margin of the SCI contained in the HD6303R 1s 
shown in Table 17 


@ DIFFERENCE BETWEEN HD6303 AND HD6303R 
The HD6303R is an upgraded version of the HD6303. The 
difference between HD6303 and HD6303R is shown in Table 




























16. Note SCI = Serial Communication Interface 
Table 16 Difference between HD6303 and HD6303R Table 17 
7 Bit distortion Character 
HD6303 HD6303R tolerance distortion tolerance 
Mode 2: Multiplexed (t=to) He (T~To) /To 












+3.75% 
-2.5% 


Mode 2: Not defined | Mode 


(Equivalent to Mode 4) 





Mode HD6303R 





+37 5% 



















Some characteristics 
are improved. 

The 2MHz version 1s 
guaranteed. 


The electrical character- 
istics of 2MHz version 
(B version) are not spec- 
ified. 

Has problem in output 
compare function. 

(Can be avoided by soft- 
ware.) 












Electrical 
Character- 
istics 


















The problem is solved. 





START 1 2 3 4 5 6 7 8 STOP 


Bit length [eto 
ae —— Character length To 
ve 


aL 


Ideal Waveform 





Real Waveform 





® APPLICATION NOTE FOR HIGH SPEED SYSTEM 
DESIGN USING THE HD6303R 


and high noise immunity are generally considered to be enough 
with simply designed power source and the GND line. 


This note describes the solutions of the potential problem 
caused by noise generation in the system using the HD6303R. 
The CMOS ICs and LSIs featured by low power consumption 


But this does not apply to the applications configured of 
high speed system or of high speed parts Such high speed sys- 
tem may have a chance to work incorrectly because of the noise 
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by the transient current generated during switching One of 
example is a system in which the HD6303R directly accesses 
high speed memory such as the HM6264. The noise generation 
owing to the over current (Sometimes it may be several 
hundreds mA for peak level ) during switching may cause data 
write error 

This noise problem may be observed only at the Expanded 
Mode (Mode 1, 2,4, 5 and 6) of the HD6303R 


HD6303R, HD63A03R, HD63B03R 


Assuming the HD6303R 1s used as CPU in a system 


1. Noise Occurrence 

If the HD6303R 1s connected to high speed RAM, a write 
error may occur As shown in Fig 28, the noise 1s generated in 
address bus during write cycle and data 1s written into an unex- 
pected address from the HD6303R This phenomenon causes 
random failures in systems whose data bus load capacitance 
exceeds the specification value (90 pF max.) and/or the impe- 
dance of the GND line 1s high 


BO ee 
AS / \ / 





R/W 
As~Ais Mem Noise 
Do o D, 


ae, ot Se 


Fig. 28 Notse Occurrence tn address bus during write cycle 


If the data bus Dy ~ D, changes from “FF” to “00”, ex- 
tremely large transient current flows through the GND line 
Then the noise 1s generated on the LSI’s Vg pins proportioning 
to the transient current and to the impedance [Zg] of the GND 
line. 





sfc: 
HD6303R 


Fig 29 Noise Source 


This noise level. Vp. appears on all output pins on the LSI 
including the address bus. 


Fig. 30 shows the dependency of the noise voltage on the each 
parameter. 


Vn Vn 
Vec Cg 
29 N 


Vn Norse Voitage 2g GND Impedance 
Cd_ Data bus load capacitance 
N Number of data bus lines switching from H to L 


Fig 30 Dependency of the noise voltage on each parameter 


Il. Noise Protection 
To avoid the noise on the address bus during the system 
operation mentioned before, there are two solutions as follows 
The one method 1s to isolate the HD6303R from pernpheral 
devices so that peripherals are not affected by the noise The 
other is to reduce noise level to the extent of not affecting peri- 
pherals using analog method. 
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1. Noise Isolation 

Addresses should be latched at the negative edge of the 
AS signal or at the positive edge of the E signal. The 74LS373 
is often used in this case. 








Do om D, 

D,/A,~ 0,/A, Ay ~ A; 
HD6303R 

As ~ Ais 


SS Additional Latch 


(74LS373 for 
noise isolation) 


2. Noise Reduction 
As the noise level depends on each parameter such Cd, Vcc, 
Zg, the noise level can be reduced to the allowable level by con- 
trolling those analog parameters. 
(a) Transient Current Reduction 
(1) Reduce the data bus load capacitance. If large load 
Capacitance is expected, a bus buffer should be in- 
serted. 
(2) Lower the power supply voltage Vcc within specifi- 
cation. 
(3) Increase a time constant at transient state by insert- 
Ing a resistor (100 ~ 20022) to Data Buses in series 
to keep noise level down. 
Table 18 shows the relationship between a series 
resistor and noise level or a resistor and DC/AC 
characteristics. 





HD6303R 


Table 18. 


OOS er ae in 2 Resistor 





Noise Voltage Level See Fig. 31 
"DC Charactenstis iat 1.0 mA 
f= 1 MHz No change 
tape 160 80s 200 





Fig 31 shows an example of the dependency of the noise 
voltage on the load capacitance of the data bus.* 


Maximum allowed 
load capacitance of 
the HD6303R 
specification 








conditions 


S 

10 R=0 

e 

s R = 1002 
> 

2 R = 2002 
lo) 

2 


05 R Series Resistor 


230 ns 


“Note The value of series resistor should be carefully selected because 
it heavily depends on each parameter of actual application 
system 


Fig. 32 shows the typical wave form of the noise. 


E pin a 
25 ns 
Vn 
ns 


As pin 
0 
50 100 
Data bus load capacitance Cd [pF] Fig. 32 
Fig. 31 
@ HITACHI 
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(b) Reduction of GND line impedance 
(1) Widen the GND line width on the PC board. 
(2) Place the HD6303R close by power source. 









Power 
Source 





HD6303R 


HD6303R, HD63A03R, HD63B03R 


(3) Insert a bypass capacitor between the Vcc line and the 
GND of the HD6303R. A tantalum capacitor (about 
0.1uF) is effective on the reduction. 


eae 






(Recommended) 






Power 
Source 


1/0 










HO6303R 


(Not recommended) 


Fig. 33 Layout of the HD6303R on the PC board 


® WARNING CONCERNING POWER START-UP 

RES must be held low for at least 20 ms when the power 
starts up. In this case, the internal reset function is not effective 
until the oscillation begins at power-on. The RES signal is input 
to the LSI in synchronism with the internal clock ¢ (shown in 
Figure 34.) 

Therefore, after power starts up, the LSI conditions such as 
its I/O ports and operating mode, are unstable. Fix the level of 
1/O ports by means of an external circuit to determine the level 
for system operation during the oscillator stabilization time. 


internal reset 
signal 





Figure 34 RES circuit 


@ NOTICE ON HD6303R 

The HD6303R is the same die as the HD6301V1. The on-chip 
Mask ROM is disabled by mask option; therefore not all modes of 
operation are available on the HD6303R. Please note that wherever 
HD6301V1 is referenced, the information also applies to the 
HD6303R. 


@® WRITE-ONLY REGISTER 

When the CPU reads a write-only register, the read data is 
always $FF, regardless of the value in the write-only register. 
Therefore, be careful of the results of instructions which read a 
write-only register and perform an arithmetic or logical opera- 
tion on its contents, such as AIM, ADD, or ROL, is executed, 
because the arithmetic or logical operation is always done with 
the data $FF. In particular, don’t use the AIM, OIM or EIM 
instruction to manipulate the DDR bit of PORT. 


@ NOTICE ON HD6303R1 

The HD6303R has been upgraded to HD6303R1. Refer to the 
following figures for differences between the devices. All other 
characteristics remain the same. 
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@ DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 


| tem HD6301V HD63701V0 


RAM Size: 128-byte RAM Size: 192-byte 
Address: $0080-$00FF Address: $0040-$00FF 


Operation Mode | Mode 4: Expanded Multiplexed Mode = Mode 2 HD63701V0 does not have Mode 4 


After providing supply voltage, output level is undefined | The Output Level Register is initialized to 0 by reset. 
(0 or 1) unless the contents of the Output Compare Register 
matches with those of the Free Running Counter. The Out- 
put Level Register is not initialized by reset. 


#D63701VO0 > 


$09 OA 
Free Running Input Capture 
16 Bit Counter Register 


























Output Compare! 
Register 


$09 OA 
Free Running input Capture 
16 Bit Counter Register 










Output Compare} 










Output 
Level 
Register 






Output 
Level 
Register 





eee oe a! Output Compare Pulse in sw dete all 


fh 
Pon2 Bit2 


Function 
= 
3 
@® 
ae 


Figure 20 Programmable Timer Block Diagram 


HD6301V1, HD6303R, HD6303R1 Receive data is transferred from Receive Shift Register to 
HD63P01M1 RDR even if framing error occurs. 


When framing error occurs, | Receive data is transferred 
receive data is not transfer- | from Receive Shift Register 
red from the Receive Shift | to RDR even if framing error 
Register to Receive Data | occurs. 

Register (RDR). 





SCI 


Receive Shift 
Register 
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@ DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 (Continued) 


HD6301V HD63701V0 













The DDR of port is reset asynchronously with E clock. CPU 
enters into high impedance state (input state) by bringing 
RES Low 

Reset release and MCU internal reset is performed synchro- 
nously with E clock 


The DDR of port is reset synchronously with E clock I/O 
state is undefined from providing power supply till oscillation 
start (max 20ms) 


Port Reset 











1/0 
Port * 
reset 
MCU __. 
internal RES 
reset 
I/O reset . . 
STBY signal ts latched synchronously with E clock STBY signal is latched asynchronously with E clock CPU 
. enters into standby state by bringing STBY low 
Standby Mode 
STBY —{>—_>o—— STBY 


HD6301V1, HD6303R, 
HD6303R 1 













HD63P01M1 


a en a Sees 





c 

= AS AS | | | | 
= (Addtess:. feet Meeresersrr 

uu. Strobe) 





















In Expanded Multiplexed 
Mode (mode 0, 2, 4 or 6), AS 
becomes high impedance 
state for a half E clock cycle 
during reset. 

Therefore, /O Port 3 func- 
tions as data bus during re- 
set 


During reset, AS functions 
normally. 


During reset, AS functions normally 





The SCI receive margin is shown below 






HD6301V1, HD6303R, 
HD6303R1 













HD63P01M1 


The SCI receive margin is 
shown below. 


The SCI receive margin is 
shown below 








START 1 2 3 4 5 6 7 8 STOP 


Ideal | to | 
Waveform 
To 
Saas ae eres pe ea 
Waveform i Bal 
ener T _ 


Bit distortion tolerance (t-tg)/to + 37.5% 












Bit distortion 
tolerance 
(t-to)/to 


Character 
distortion 
tolerance 


(T-To/To 


Bit distortion 
tolerance 


(t-to)/to 


Character 
distortion 
tolerance 


(T-To)\/To 









+ 37.5% 










SCI Receive 
Margin 


















+3 5% 
-2.5% 














Character distortion tolerance (T-To)/T9 + 3.75% 
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@ DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 (Continued) 


Specification 


84 


Supply Voltage 


Address/Data 


Hold Time 
(tay. tw) 


Address 
Delay 
Time 


Load 
Capacitance 
of E 


Load 
Capacitance 
of Port 1 


Spec. of 
Crystal 
Oscillator 


Storage 
Temperature 


HD6301V 


HD6301V1, HD6303R, 
HD6303R1 HD63P01M1 


Voc = 5V + 10% 
(f = 0.1 ~ 2MHz) 
Voc = 3 ~ 6V 

(f = 0.1 ~ 0.5 MHz) 


Voc = 5V + 10% 
(f = 0.1 ~ 1 MHz) 


taH = 20 ns min. 

tuw = 20 ns min. 

tay and tyyw are constant independently of operating fre- 
quency. 


(1) tap; and tape are constant independently of operating 
frequency. In HD63B01V (B version of HD6301V), tap; 
and taps are 160 ns max. at 0.1 MHz through 2 MHz 
operation. 


(2) tap, 's related to operating frequency. (tap, is in propor- 
tion to 1/f. f = operating frequency) 


lin = 1.0 pA max., C,, = 12.5 pF max. 


2-LSTTL + 40pF 
lo. = 0.8 MA, Io = -200 nA 


1-TTL + 30pF 


Spec. 


Tstg = ~55- + 150°C 


HD63701V0 


Voc = 5V + 10% (f = 0.1 ~ 2MHz) 


tan, tuw = 60 ns (f = 1 MHz) 
= 40 ns (f = 1.5 MHz) 
= 30 ns (f = 2 MHz) 
tay and tyyw are proportion to 1/f. (f = operating frequency) 


tan 
one 


tap1 tape and tap, are related to operating frequency (They 
are in proportion to 1/f. f = operating frequency). Therefore, 
if HD637B01V operates at lower operating frequency, tap, 
tape and tap, will become 160 ns or more. tap, tape and 
tapi are calculated as follows. 


tap (f MHz) + 250 ns (1 MHz) x 1/f (MHz) 


lin = 10 nA max. C,, = 50 pF max. Since RES is multiplexed 
with Vpp, C,, and ||, are larger than those of HD6301V. 


1-TTL + 90pF 
lo, = 1.6 mA, loy = -200 pA 


1-TTL + 90pF 


Clock frequency (MHz) 
Rs max. (Q) 


Teg = ~85 - + 125°C 
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@ DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 (Continued) 


HD6303RA1, 
HD6301V1, HD6303R HD63P01M1 


aD Gr C aD 


GND Noise Noise is 


Di -- 
—___ Xr reduced Noise is reduced by 50%. 


by 33%. 


If load capacitance in each data line and 
GND impedance are large, noise may ap- 
pear on address bus during MCU write cy- 
cle and data won’t be written into RAM cor- 
rectly. The noise is caused by GND 
impedance which becomes large when 
large transient current flows into GND at 
High to Low transition of data line. 


Chip design and manufacturing process of the HD6301V differ from those of the HD63701V0. Therefore, actual spec. and 
Miscellaneous | Margin are different between the HD6301V and the HD63701V0. Please carefully examine your system before applying 
HD6301V or HD63701V0 to your system. 
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HD6303X,HD63A03X, —__—- 
HD63B0O3X 
CMOS MPU (Micro Processing Unit) 


The HD6303X is a CMOS 8-bit micro processing unit (MPU) 


which includes a CPU compatible with the HD6301VI, 192 
bytes of RAM, 24 parallel I/O pins, a Serial Communication 
Interface (SCI) and tvo timers on chip 


86 


FEATURES 
Instruction Set Compatible with the HD6301V1 
192 Bytes of RAM 
24 Parallel !/O Pins 
16 1/0 Pins-Port 2, 6 
8 Input Pins-Port 5 
Darlington Transistor Drive (Port 2, 6) 
16-Bit Programmable Timer 
Input Capture Register x 1 
Free Running Counter x 1 
Output Compare Register x 2 
8-Bit Reloadable Timer 
External Event Counter Square Wave Generation 
Serial Communication Interface 
Memory Ready 
Halt 
Error-Detection (Address Trap, Op-Code Trap) 
Interrupts ...3 External, 7 Internal 
Up to 65k Bytes Address Space 
Low Power Dissipation Mode 
Sleep Mode 
Standby Mode 
Minimum Instruction Execution Time -0.5ys 
(f = 2.0 MHz) 
Wide Range of Operation 
Veo =3~ 6V (f =0.1 ~ 0.5 MHz). 
f =0.1 ~ 1.0 MHz; HD6303X 
Vec = 5V+10% | f = 0.1 ~ 1.5 MHz; HD63A03X 
f = 0.1 ~ 2.0 MHz; HD63B03X 


PROGRAM DEVELOPMENT SUPPORT TOOLS 

Cross assembler and C compiler software for IBM PCs and 
compatibles 

In circuit emulator for use with IBM PCs and compatibles 


HD6303XP,HD63A03XP, 
HD63BO3XP 





(DP-64S) 


HD6303XF,HD63A03XF, 
HD63B03XF 





(FP-80) 


HD6303XCP,HD63A03XCP, 
HD63BO3XCP 





(CP-68) 
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8 PIN ARRANGEMENT 


® HD6303XP,HD63A03XP,HD63B03XP 





(Top View) 


HD6303X, HD63A03X, HD63B03X 


@ HD6303XF, HD63A03XF, HD63B03XF 


Ni] 
NC2| 
NC[3] 
NC{ 4] 
P2o{ 5] 
Part 6] 
P22 [7] 
Poa 8 | 
Pa (9] 
P2s[ 10] 
P26 fit] 
P27 [13] 
NCI 13] 
Psol 14] 
Psi [15] 
Ps2[ 16) 
Psa [17] 
Ps | 18) 
Pss [19] 
P56 | 20] 
P57] 21] 
NC [22] 
NC [23] 
NC j 24] 


@ HD6303XCP,HD63A03XCP,HD63B03XCP 


q4 
Neat < 
Brus (lise weees 2: 
fh | |i ll 
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75] EXTAL 
174) XTAL 


| 80] STBY 
79] RES 
78) MP, 
76] NC 


| 77] MPo 


Peo 25: 
Per [26] 
Pe2| 27] 
Pes{ 28) 
Pes L297] 
Pes [ 30 
Pes { 3! 
Per [3a 
Vee] 33) 
Ais] 34] 
Avs | 35] 
Aig 36] 
Ai2[37] 
Ani £38] 
Ato | 39) 
As [ao 


|S 
ies Ryle g oO G 


RIBIGISICISIEE 


173] Vss 
724 E 


| 64) D1 
rea) NC 
| 62] D2 
61] NC 
| 60] NC 
| 59} Ds 
| $8] Ds 
| $7} Ds 
| 56} De 
| 55] D7 
154] NC 
| 53} NC 
| 52] Ao 
151} Ay 
| 50] A2 
| 49] Aa 
48) As 
As 
[46] Ac 
| 45| A? 
44] Ves 
| 43] Ae 
42} NC 
41) NC 


(Top View) 
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@ BLOCK DIAGRAM 











> 
Pa e = 
Veo ————————— = i om E w 
Vss 
Vss U 
« wd 
seth a : 
P22(SCLK) £90 Sg a iz ad 
| | fo] |fleleslz wa 
P2a(Rx) om 


Port 2 


é 
WHI cr 
LiR 


P24(Tx) 
P2s(Tout2) lal lies 






BA 
P26(Tout3) Meee 
PasiTowsl =P 
Do 
a D; 
o 
a 3c. 
E ¥ hy 
F rr D. 
2 Ds 
@ 
OQ Dg 
D, 
g e Ao 
é B}—« 
a[—* 
an 
E 3 As 
: 7 ein 
”n 
v o 
@ ne) As 
Pso(IROh) : + A; 
Ps51(TRO2) 3 
Ps2(MR) < 
Ps3(HALT) As 
Psa C A 
vas 9 
Pss = A 
a 10 
Pre S Ay 
Ps i Ai2 
~” 
i 
8 Ave 
Peo Ais 
Pe: 
Pe2 rs 
Pes © - 
Pea an a 
Pes é RAM 
Pee 192 Bytes 
Psy 
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HD6303X, HD63A03X, HD63B03X 


= ABSOLUTE MAXIMUM RATINGS 


Item Symbol 
Supply Voltage 


Value Unit 
-0.3 ~ +7.0 V 
-0.3 ~ Vect0.3 

0~ +70 
-55 ~ +150 5 


2) 


Input Voltage 


° 


Oro 


Operating Temperature opr 


a =i he 
< 


Storage Temperature 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend Vn, Vout: Vss S (Vin OF Vout) S Vee 


® ELECTRICAL CHARACTERISTICS 
® DC CHARACTERISTICS (Vec = 5.0V+10%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


Item Symbol 
Input ‘“‘High’’ Voltage 
Input “Low” Voltage Vie 


NMI, RES, STBY, 
MP,, MP,, Port 5 


Ay ~A;s, 09 ~D7, RD, 
WR. R/W.Port 2 Port 6 sil Vin = 0.5~ Vec-0.5V 


Input Leakage Current Vin = 0.5 ~ Vec-0.5V 


< 
re) 
q 
i) 
o 
< 
2) 
Oo 
< 


< < 

re) ° 

re) 

x 
od O15 

~ | 











Three State (off-state) 
Leakage Current 


: = 
> 


= 
I P & 
+ 
a 
‘~ 
> 





Output “High” Voltage All Outputs Vo ie y 
ce Ve 

aa 
Seeping f= twine) [18 | 30_| ma 

Sleeping (f=1.5MHz**) | — | 2.3 | 45 | mA 

Current Dissipation” Sleeping tt 2a) P| 0 60 lila 
[Operating W= TMH] | — | 7.0 | 10.0_| mA 

lee Operating (f= 1.5MHz**)| — | 105 | 15.0 | mA 

Operating (f = 2MHz**) | == | 14.0 | 20.0 | mA 


“Ving min = Vec-1 OV, Vay max = 0 BV , All output terminals are at no load 


**Current Dissipation of the operating or sleeping condition 1s proportional to the operating frequency. So the typ or max 
values about Current Dissipations at x MHz operation are decided according to the following formula, 


typ value (f =x MHz) =typ value (f = 1MHz) xx 
max value (f = x MHz) = max value (f = 1MHz) x x 


(both the sleeping and operating) 
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HD6303X, HD63A03X, HD63B03X 


AR LR HS em 


@ AC CHARACTERISTICS (Vcc = 5.0V+10%, Vgg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


BUS TIMING 
Test 
Cycle Time teve 
Enable Rise Time te, 
Enable Fall Time tes 


Enable Pulse Width ‘High’ Level* | PWey 
Enable Pulse Width ‘‘Low” Level” | PWe 


Address, R/W Delay Time* tap 
Data Delay Time Write topw 
Data Set-up Time Read tosr 


Address, R/W Hold Time* 


Write 
Data Hold Time Write’ | th 





mae 


ve Cad 
=x > 
pt] » 





RD, WR Pulse Width* PWaw 
RD, WR Delay Time 
D, WR Hold Time 

“LIR Delay Time ~*/| torr 
LIR Hold Time tuLr 
MR Set-up Time* tswr 
MR Hold Time* tum,” 
E Clock Pulse Width at MR _ PWemr 
Processor Control Set-up Time tecs 





Processor Control Rise Time tec, Fig 
Processor Control Fall Time {ite 
BA Delay Time 


Oscillator Stabilization Time 2 - 11 
Reset Pulse Width | PWast ae | 


* These timings change in approximate proportion to tceyc The figures in this characteristics represent those when teyc 1s Minimum 
(=1n the highest speed operation) 





PERIPHERAL PORT TIMING 











HD6303X HD63A03X__ “HD63B03X _ 








Test 
Condition 
Ports 2, 5, 6 
Peripheral Data | ; 
Hold Time Ports 2, 5,6 


Delay Time (Enable 
Negative Transition to | Ports 2,6 
Peripheral Data Valid) 







Peripheral Data 
Set-up Time 
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HD6303X, HD63A03X, HD63B03X 


TIMER, SCI TIMING 






ie eee Test HD6303X HD63A03X HD63B03X ai 
em mbo ; ni 
Condition | min | typ | max | min | typ | max | min | typ | max | 
Timer Vioputuiw wien | wr | Fw.e [20] -]- [20] -| -|20[ -| - | me 
Delay Time (Enable Positive Fig. 7 | = | 400 | 
Transition to Timer Output) troo '9. iz 
sciirou [Awne mode | | we re] -[-[]-|-[i|-|—-|o 
SCi Transmit Data Delay 
Te (Clock Syne, Mode ee eee tT = [ee Se) 200) | 
SCI Receive Data Set-up 
Te (Gow yes Mode) ra [290 | - | - | 200] - | - [200] - | - | 
SCI Receive Data Hold Time ; ae 
(Clock Sync. Mode) nn 
th fee [= [ow fou [= Yow [oe |= [oe [on 
Timer 2 Input Clock Pulse 
— of [= fel [-f=[- fT 
Timer 1°2, SCI Input Clock i 
Rise Time oa = 
Timer 1°2, SCI Input Clock 
Fall Time text ns 
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HD6303X, HD63A03X, HD63B03X 


teye 


2 4V 
E PWer PWen 
0 8V 


Ao~ Ais. 2 4V S 
R.W 0 8V 
tHraw 
Th PWew Tn 
RD, WR 
0 8V + 


MPU Write 2 4V 

~ ety 
ae 

MPU Read 2 OV *. 

a a: 


toir tur 
LIR 


Figure 1 Bus Timing 


tsmr 


MR 





tecr 


Figure 2 Memory Ready and E Clock Timing 
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HD6303X, HD63A03X, HD63B03X 


Last Instruction tnstruction Execution 
Execution Cycle HALT Cycle Cycle 
2 4V 









HALT 


BA 


Figure 3 HALT and BA Timing 


2 OV(2 4V)° 
Synchronous Clock 


Transmit Data 


Receive Data 


* 2.0V is high level when clock input 
2 4V is high level! when clock output 


Figure 4 SCI Clocked Synchronous Timing 


a MPU Read a MPU Write 






E E 
P20 - de = “ vy 
80 ; pe? 6 av» Data Valid 4 0 8V 
inputs) P2o~P 2 av 
20 ~ P27 
Peo ~ Per 0 BV Data Valid 
(Outputs) 
Figure 5 Port Data Set-up and Hold Times (MPU Read) Figure 6 Port Data Delay Times (MPU Write) 
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HD6303X, HD63A03X, HD63B03X 





E E 2 4V 
Timer 1 
FRC Ma : T2CNT 00 
: ttoo 
Po, Pos 4V 
Outputs 0 8V P2. Output 0.8V 
TCONR=WN 


(a) Timer 1 Output Timing (b) Timer 2 Output Timing 


Figure 7 Timer Output Timing 





Vec 
Re=2 2kQ 
Test Point 
1S82074®H 
C R or Equiv 
* & * * 
text 
ae C =90pF for Do~D;, Ao~A 15 E 
*T Zit Timer 1,tPwT Ace spelen ras ste 
BCL” ieee. sy SR =30pF for Port 2, Port 6, RD, WR, R/W, BA, LI 
SCI, tPWSCK R=12kQ 


Figure 8 Timer 1*°2,SClI Input Clock Timing Figure 9 Bus Timing Test Loads (TTL Load) 


Interrupt 
Test 


_—s 


E 


internal 


Address Bus Ki XX XX XXX KK XK XX) 


Op Code Op Code FrFF SP  SP1 SP2 SP3 SP4 SP5 SP6 NeCtOr Vector New 
NMi, iRG, Address Address + 1 MSB_ LSB 
IRQ2 IRQs 


ss Address Address Address 
tecs 


Internal 


Data Bus 
Op Operand Irrelevant PCO- PC8~ IXQ ~ 1X8 ACCA ACCB CCR Vector Vector First Inst of 
Code Op Code Data C7 PC15 1X7 IxX15 MSB- LSB siInterrupt Routine 
Internal 
Read 


ge Ne Mate ne Ree ek ees PO ge ee 


Internal 


rite a or aaa ARGS. COR re Stn ene 2a E SPE 


Figure 10 Interrupt Sequence 


© HITACHI 


94 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 * (415) 589-8300 





HD6303X, HD63A03X, HD63B03X 





pean rarer 
Voc OSV _ fe O5y 
one, 'ecs 


RES 





Address 
FEEE FFFE FFEE FFFFE FFFEFE FFEE New PC FREE FFFEE FFEF 


FFFF 


2 A A 2 
© IN MMM — > aro 


w» TM TMM 





ee ee 


2 EN EE) ————)-—-Os-________— 


PC15 PC7 


PCO- First 
Instruction 


Figure 11 Reset Timing 


® FUNCTIONAL PIN DESCRIPTION 
® Vcc. Vss 

Vcc and Vss provide power to the MPU with 5V+10% sup- 
ply. In the case of low speed operation (fmax = 500kHz), the 
MPU can operate with three through six volts. Two Vss pins 
should be tied to ground. 


@ XTAL, EXTAL 

These two pins interface with an AT-cut parallel resonant 
crystal Divide-by-four circuit 1s on chip, so if 4MHz crystal 
oscillator 1s used, the system clock 1s 1MHz for example. 


AT Cut Parallel Resonant Crystal Oscillator 


Co=7pF max 
Rs=602 max 


XTAL 
Ca Ci:=Cr2 
= 1OpF - 22pF - 20% 
EXTAL (3 2 - 8MHz) 
Cp Cm 


ins 


Figure 12 Crystal Interface 


EXTAL pin can be drived by the external clock of 45 to 
55% duty, and one fourth frequency of the external clock 
is produced in the LSI. The external clock frequency should 
be less than four times of the maximum operable frequency 
When using the external clock, XTAL pin should be open 
Fig. 12 shows an example of the crystal interface The crystal 
and Cy;, Cy2 should be mounted as close as possible to XTAL 


and EXTAL pins. Any line must not cross the line between the 
crystal oscillator and XTAL, EXTAL. 


e STBY 

This pin makes the MPU standby mode. In “Low” level, the 
oscillation stops and the internal clock 1s stabilized to make 
reset condition To retain the contents of RAM at standby 
mode, “0” should be written into RAM enable bit (RAME). 
RAME 1s the bit 6 of the RAM/port 5 control register at $0014. 
RAM 1s disabled by this operation and its contents is sustained 

Refer to “LOW POWER DISSIPATION MODE” for the 
standby mode. 


© Reset (RES) 

This pin resets the MPU from power OFF state and pro- 
vides a startup procedure During power-on, RES pin must 
be held “Low” level for at least 20ms. 

The CPU registers (accumulator, index register, stack pointer, 
condition code register except for interrupt mask bit), RAM 
and the data register of a port are not initialized during reset, 
so their contents are unknown in this procedure. 

To reset the MPU during operation, RES should be held 
“Low” for at least 3 system-clock cycles. At the 3rd cycle 
during “Low” level, all the address buses become “High”. When 
RES remains ‘Low’, the address buses keep “High’’. If RES 
becomes “‘High’’, the MPU starts the next operation. 

(1) Latch the value of the mode program pins; MPp and MP, . 

(2) Initialize each internal register (Refer to Table 3) 

(3) Set the interrupt mask bit. For the CPU to recognize the 
maskable interrupts IRQ,, IRQ, and IRQ;, this bit should 
be cleared in advance. 

(4) Put the contents (=start address) of the last two addresses 
(SFFFE, SFFFF) into the program counter and start the 
program from this address (Refer to Table 1). 

*The MPU 1s usable to accept a reset input untul the clock 
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becomes normal oscillation after power on (max. 20ms). During 
this transient time, the MPU and I/O pins are undefined. Please 
be aware of this for system designing. 


@ Enable (E) 

This pin provides a TTL-compatible system clock to external 
circuits. Its frequency 1s one fourth that of the crystal oscillator 
or external clock. This pin can drive one TTL load and 90pF 
capacitance. 


© Non-Maskable Interrupt (NMI) 

When the falling edge of the input signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence internally. 
As well as the IRQ mentioned below, the instruction being 
executed at NMI signal detection will proceed to its completion. 
The interrupt mask bit of the condition code register doesn’t 
affect non-maskable interrupt at all. a 

When starting the acknowledge to the NMI, the contents of 
the program counter, index register, accumulators and condition 
code register will be saved onto the stack. Upon completion 
of this sequence, a vector 1s fetched from $FFFC and $FFFD 
to transfer their contents into the program counter and branch 
to the non-maskable interrupt service routine 
(Note) After reset start, the stack pointer should be initialized 

on an appropreate memory area and then the falling edge 
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should be input to NMI pin. 


® Interrupt Request (IRQ,, IRQ,) 

These are level-sensitive pins which request an internal 
interrupt sequence to the CPU. At interrupt request, the CPU 
will complete the current instruction before its request acknowl- 
edgement. Unless the interrupt mask in the condition code 
register is set, the CPU starts an interrupt sequence; if set, the 
interrupt request will be ignored. When the sequence starts, the 
contents of the program counter, index register, accumulators 
and condition code register will be saved onto the stack, then 
the CPU sets the interrupt mask bit and will not acknowledge 
the maskable request. During the last cycle, the CPU fetches 
vectors depicted in Table | and transfers their contents to the 
program counter and branches to the service routine. 

The CPU uses the external interrupt pins, IRQ, and IRQ, 
also as port pins Psy and Ps, so it provides an enable bit to 
Bit O and 1 of the RAM port 5 control register at $0014 Refer 
to “RAM/PORT 5 CONTROL REGISTER” for the details. 

When one of the internal interrupts, [Cl], OCI, TOI, CMI or 
SIO is generated, the CPU produces internal interrupt signal 
(IRQ3) IRQ; functions just the same as IRQ, or IRQ; except 
for its vector address. Fig 13 shows the block diagram of the 
interrupt circuit. 





Table 1 Interrupt Vector Memory Map 


Vector 





Priority Sap EE 
MSB LSB 

Highest  FFFE FFFF 
FFEE FFEF 
FFFC 





Interrupt 
RES 
TRAP 
NMI es Se 
SWI (Software Interrupt) 
IRQ, oe 
“ICI (Timer 1 Input Capture) 


OCI (Timer 1 Output Compare 1, 2) 


TOI (Timer 1 Overflow) 


CMI (Timer 2 Counter Match) 
IRQ, 


SIO (RORF+ORFE+TDRE) 
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Each Register s Interrupt 
Enable Flag 
“t'' Enable, ‘0'', Disable 


ihGy 

fRO2 -—~--~— 

icf -~-— 

OCF1 -----— 

OCF2 ——~~—-——+—oO 

TOF —---- 

IRQ, 

CMF --——-- 

RORF m! 

ORFE 

TORE ~------~-— 

NMI —----—~-~4 Detective 

Circuit 

Address Error | TRAP 
Op Code Error 
Detective Circuit 











Condition 
Code 

Register 

|-MASK 


Interrupt 
Request 
Signal 


Sleep 
Cancel 
Signal 


Figure 13 Interrupt Circuit Block Diagram 


@ Mode Program (MP,, MP,) 

To operate MPU, MPy pin should be connected to “High” 
level and MP, should be connected to “Low | level (refer to 
Pig 1S) 


@ Read/Write (R/W) 

This signal, usually be in read state (“High”), shows whether 
the CPU 1s in read (‘High’) or write (“Low”) state to the 
peripheral or memory devices This can drive one TTL load 
and 30pF capacitance 


e RD,WR 

These signals show active low outputs when the CPU 1s 
reading/writing to the peripherals or memories This enables 
the CPU easy to access the peripheral LSI with RD and WR 
input pins These pins can drive one TTL load and 30pF capaci- 
tance 


© Load Instruction Register (LIR) 

This signal shows the instruction opecode being on data 
bus (active low) This pin can drive one TTI load and 30pF 
capacitance 


@ Memory Ready (MR, P<.) 

This is the input control signal which stretches the system 
clock’s “High” period to access low-speed memories. During 
this signal is in “High”, the system clock operates in normal 
sequence But this signal in “Low”, the ‘High’ period of the 
system clock will be stretched depending on its “Low” level 
duration in integral multiples of the cycle time This allows the 
CPU to intertace with low-speed memories (sce Fig 2) Up to 
9 us can be stretched 

During internal address space access or nonvalid memory 


access, MR 1s prohibited internally to prevent decrease of oper- 
ation speed Even in the halt state, MR can also stretch “High” 
period of system clock to allow peripheral devices to access 
low-speed memories. As this signal is used also as Ps2, an enable 
bit 1s provided at bit 2 of the RAM/port 5 control register at 
$0014. Refer to “RAM/PORT 5 CONTROL REGISTER” for 
more details 


@ Halt (HALT; P<3) 

This ts an input control signal to stop instruction execution 
and to release buses When this signal switches to “Low’’, the 
CPU stops to enter into the halt state after having executed 
the present instruction When entering into the halt state, it 
makes BA (P74) ‘“‘High” and also an address bus, data bus, RD, 
WR, R/W high impedance When an interrupt 1s generated 
in the halt state, the CPU uses the interrupt handler after the 
halt 1s cancelled 
(Note) 1 Please don’t switch the HALT signal to “Low” when 

the CPU executes the WAI instruction and 1s in the 
interrupt wait state to avoid the trouble of the CPU’s 
operation after the halt 1s cancelled. 


2 When power 1s supplied with the condition that 
HALT 1s “low”, MCU cannot sometimes release the 
reset condition, even if RESET becomes “High”. 
HALT should be low before RESET rises up. 











@ Bus Available (BA) 

This 1s an output control signal which is normally “Low” 
but “High” when the CPU accepts HALT and releases the buses. 
The HD6800 and HD6802 make BA “High” and release the 
buses at WAI execution, while the HD6303X doesn’t make 
BA “High” under the same condition. But if the HALT becomes 
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“Low” when the CPU is in the interrupt wait state after having 
executed the WAI, the CPU makes BA “High” and releases the 
buses. And when the HALT becomes “‘High’’, the CPU returns 
to the interrupt wait state. 


= PORT 

The HD6303X provides three I/O ports. Table 2 gives the 
address of ports and the data direction register and Fig. 14 
the block diagrams of each port. 


Table 2 Port and Data Direction Register Address 












Port Address 


$0003 


$0015 


$0017 


Data Direction Register 






@ Port 2 
An 8-bit input/output port. The data direction register 
(DDR) of port 2 controls the I/O state. It provides two bits; 


Port Write Signal 
Port Output Enable 












Data Bus 






Timer, SCI 
Output Enable 
Timer 1, 2, —— 


SCI Output Tri-state 


Control 


Timer 1, 2, 
SCI Input 


Port 2 


Port Read Signal 
pee ee 


Data Bus 


Port 5 


bit 0 decides the I/O direction of Pz) and bit 1 the I/O direc- 
tion of P,, to P,, (“0” for input, “1” for output). 


Port 2 is also used as an I/O pin for the timers and the 
SCI. When used as an I/O pin for the timers and the SCI, port 
2 except P 9 automatically becomes an input or an output 
depending on their functions regardless of the data direction 
register’s value. 


Port 2 Data Direction Register 


7 6 5 4 3 2 1 0) 
DDR| DDR 
1-71 9 [$0001 


A reset clears the DDR of port 2 and configures port 2 as an 
input port. This port can drive one TTL and 30pF capaci- 
tance. In addition, it can produce ImA current when Voy; = 
1.5V to drive directly the base of Darlington transistors. 


Port Write Signal 


Data Bus 


Timer 1 Input 
(Po only) 





Port 6, Port 2 (Bit 0) 


Figure 14 Port Block Diagram 


@ Port 5 
An 8-bit port for input only. The lower four bits are also 
usable as input pins for interrupt, MR and HALT. 


@ Port 6 

An 8-bit I/O port. This port provides an 8-bit DDR corre- 
sponding to each bit and can specify input or output by the 
bit (“O” for input, “1” for output). This port can drive one 
TTL load and 30pF capacitance. A reset clears the DDR of port 
6. In addition, it can produce 1mA current when V,,; = 1.5 
to drive directly the base of Darlington transistors. 


® BUS 
® 0p~D, 

These pins are data bus and can drive one TTL load and 
90pF capacitance respectively. 


@ Ao~Ais 
These pins are address bus and can drive one TTL load and 
9OpF capacitance respectively. 


& RAM/PORT 5 CONTROL REGISTER 
The control register located at $0014 controls on-chip 
RAM and port 5. 


RAM/Port 5 Control Register 


7 6 5 4 3 2 1 fe) 
STBY ; 
PWR HLTE $001 


Bit 0, Bit 1 IRO,, IRQ, Enable Bit (1RQ,E, 1RQ2E) 

When using Psp and Ps, as interrupt pins, write “1” in 
these bits. When “0”, the CPU doesn’t accept an external 
interrupt or a sleep cancellation by the external interrupt. 
These bits become ‘‘O” during reset. 


Bit 2 Memory Ready Enable Bit (MRE) 
When using Ps, as an input for Memory Ready signal, write 
“1” in this bit. When ‘O”. the memory ready function is pro- 
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hibited and P.. can be used as I/O port This bit becomes mode and the on-chip RAM data ts valid 
“1”? during reset. 


Bit 3 Halt Enable bit (HLTE) Vec 

When using P.3 as an input fo: Halt signal, write “17 in this 
bit. When ‘0’, the halt function 1s prohibited and Ps; can be 
used as I/O port. This bit becomes ‘‘]”” during reset. 






(Note) When using Ps, and P.3 as the input ports in mode | Soe 

and 2, MRE and HLTE bit should be cleared just after === RD 

the reset. Sj -—— WR 

Notice that memory ready and halt function 1s enable Pea ee —— R/W 

till MRE and HLTE bit is cleared see —-—~ OR 

sia HD6303X ey 
Bit 4, Bit 5 Not Used. aielices we 
Timer 
Bit6 RAM Enable (RAME) a insret 8, p DataiBus 
On-chip RAM can be disabled by this control bit By re- iROL ites C_ 
setting the MPU, “1” is set to this bit, and on-chip RAM is MR HALT poe 
enabled. This bit can be written “1” or ‘O” by software. When i OuLines 
RAM is in disable condition (= logic “0’’), on-chip RAM 1s 
invalid and the CPU can read data from external memory. 
This bit should be “0” before getting into the standby mode to 
protect on-chip RAM data. 
Figure 15 Operation Mode 
Bit 7 Standby Power Bit (STBY PWR) 
When Vcc is not provided in standby mode, this bit 1s = MEMORY MAP 

cleared. This is a flag for both read/write by software. If this bit The MPU can address up to 65k bytes Fig 16 gives memory 
is set before standby mode, and remains set even after returning map of HD6303X. 32 internal registers use addresses from “00” 
from standby mode, Vcc voltage is provided during standby as shown in Table 3 





Table 3 Internal Register 





Port 2 Data Direction Register $FC 
oa = 
03 R/W Undefined 
04* : eee 
05 = Pe ee dl : 
a ae a RIE) oe 
A aa ; 
o@ | Timer ConwoifStatue Reginer? [Aw | _‘00 
09 Free Running Counter (‘’High’’) R/W $00 
0A Free Running Counter (‘‘Low”’) $00 
0B Output Compare Register 1 (“‘High’’) $FF 
0c sFF 
oD input Capture Register (‘‘High’’) ae $00 
OE Input Capture Register (‘‘Low’’) a See $00 
OF Timer Control/Status Register 2 | RMN $10 
10_[ Rate, Mode Control Register ‘| AW $00 
11 | Tx/Rx Control Status Register | Raw | SCS—= 
12 Receive Data Heaister | UR $00 
14 RAM/Port 5 Control Register | RW $7C or $FC 
15 Port 5 a eae - 
16 | Port 6DataDwection Register | = WO $00 


(continued) 
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Table 3 Internal Register 


Address R/w*** Initialize at RESET 
17 Undefined 
a a ee nee Cee aie = 
9 arf 
1A Output Compare Register 2 (‘‘Low”’) $FF 
i 520 
1G | Time Constant Register Sd SSW 
1D $00 
ee ee ee : 


* External Address 
** Test Register Do not access to this register. 
**°* R =: Read Only Register 
W_ : Write Only Register 
R/W: Read/Write Register 


HD6303X 
Expanded Mode 


$0000 


Internal * 
Registers 
External 


Memory 
$0040 Space 


$O01F 


Internal 
RAM 


$OOFF 


External 
Memory 
Space 


* Excludes the following addresses 
which may be used externally: 
$02, $04, $06, $07, $18 





Figure 16 HD6303X Memory Map 


@ TIMER 1 

The HD6303X provides a 16-bit programmable timer which 
can simultaneously measure an input waveform and generate 
two independent output waveforms. The pulse widths of both 
input/output waveforms vary from microseconds to seconds. 

Timer 1 is configurated as follows (refer to Fig. 18) 

* Control/Status Register 1 (8 bit) 

* Control/Status Register 2 (7 bit) 

+ Free Running Counter (16 bit) 

* Output Compare Register 1 (16 bit) 

+ Output Compare Register 2 (16 bit) 

* Input Capture Register (16 bit) 


@ Free-Running Counter (FRC) ($0009 : 000A) 
The key timer element is a 16-bit free-running counter driven 


and incremented by system clock. The counter value is readable 
by software without affecting the counter. The counter is 
cleared by reset. 

When writing to the upper byte ($09), the CPU writes the 
preset value ($FFF8) into the counter (address $09, $0A) 
regardless of the write data value. But when writing to the 
lower byte ($0A) after the upper byte writing, the CPU writes 
not only the lower byte data into lower 8 bit, but also the 
upper byte data into higher 8 bit of the FRC. 

The counter will be as follows when the CPU writes to it 
by double store instructions (STD, STX etc.). 


$09 Write SOA Write 


Ae 


Counter value $FFF8 + $5AF3 


In the case of the CPU write ($5AF3) to the FRC 
Figure 17 Counter Write Timing 


@ Output Compare Register (OCR) 

($000B, $000C; OCR1) ($0019, $001A ; OCR2) 

The output compare register is a 16-bit read/write register 
which can control an output waveform. The data of OCR is 
always compared with the FRC. 

When the data matches, output compare flag (OCF) in the 
timer control/status register (TCSR) is set. If an output enable 
bit (OE) in the TCSR2 is “1°, an output level bit (OLVL) in 
the TCSR will be output to bit 1 (Tout 1) and bit 5 (Tout 2) 
of port 2. To control the output level again by the next com- 
pare, the value of OCR and OLVL should be changed. The 
OCR 1s set to $FFFF at reset. The compare function is inhibited 
for a cycle just after a write to the OCR or to the upper byte 
of the FRC. This is to begin the comparison after setting the 
16-bit value valid in the register and to inhibit the compare 
function at this cycle, because the CPU writes the upper byte 
to the FRC, and at the next cycle the counter is set to SFFF8. 

* For data write to the FRC or the OCR, 2-byte transfer 

instruction (such as STX etc ) should be used. 


@ Input Capture Register (ICR) (SOOO0D : OOOE) 
The input capture register 1s a 16-bit read only register which 
stores the FRC’s value when external input signal transition 
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generates an input capture pulse. Such transition is controlled 
by input edge bit (IEDG) in the TCSR1. 

In order to input the external input signal to the edge 
detecter, a bit of the DDR corresponding to bit 0 of port 2 
should be cleared (‘0’). When an input capture pulse occurs 
by the external input signal transition at the next cycle of CPU’s 
high-byte read of the ICR, the input capture pulse will be de- 
layed by one cycle. In order to ensure the input capture oper- 
ation, a CPU read of the ICR needs 2-byte transfer instruction. 
The input pulse width should be at least 2 system cycles. This 
register is cleared ($0000) during reset 


© Timer Control/Status Register 1 (TCSR1) ($0008) 
The timer control/status register 1 is an 8-bit register. All bits 
are readable and the lower 5 bits are also writable. The upper 3 
bits are read only which indicate the following timer status. 
Bit5 The counter value reached to $0000 as a result of 
counting-up (TOF) 

Bit 6 A match has occured between the FRC and the OCR 1 
(OCF1) 

Bit 7 Defined transition of the timer input signal causes the 
counter to transfer its data to the ICR (ICF). 

The followings are each bit descriptions. 


Timer Control/Status Register 1 


7 6 5 4 3 2 1 0 
scr [ocr] ror | cs ocr evo} eocfouve 


BitO OLVL1 Output Level 1 
OLVLI 1s transferred to port 2, bit 1 when a match 
occurs between the counter and the OCR1. If bit 0 of 
the TCSR2 (OE1) is set to “1”, OLVLi will appear at 
bit 1 of port 2 
Bit! !EDG Input Edge 
This bit determines which edge, rising or falling, of 
input signal of port 2, bit O will trigger data transfer 
from the counter to the ICR. For this function, the 
DDR corresponding to port 2, bit 0 should be cleared 
beforehand 
IEDG=0, triggered on a falling edge 
(“High’ to ““Low’’) 
IEDG=1, triggered on a rising edge 
(“Low”’ to ‘‘High’’) 
Bit2 ETO! Enable Timer Overflow Interrupt 
When this bit 1s set, an internal interrupt (IRQ3) by 
TOI interrupt 1s enabled When cleared, the interrupt is 
inhibited 
Bit3 EOCI1 Enable Output Compare Interrupt 1 
When this bit 1s set, an internal interrupt (IRQs) by 
OCH interrupt 1s enabled. When cleared, the interrupt 
1s inhibited. 
Bit4 EICI Enable Input Capture Interrupt 
When this bit 1s set, an internal interrupt (IRQ3) by 
ICI interrupt 1s enabled. When cleared, the interrupt is 
inhibited. 
BitS TOF Timer Overflow Flag 
This read-only bit is set when the counter incre- 
ments from SFFFF by 1. Cleared when the counter’s 
upper byte ($0009) is ready by the CPU after the 
TCSRI read 
Bit6 OCF1 Output Compare Flag 1 
This read-only bit 1s set when a match occurs be- 
tween the OCR1 and the FRC. Cleared when writing 


$0008 
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to the OCR1 ($000B or $000C) after the TCSR1 or 
TCSR2 read. 
Bit7 ICF Input Capture Flag 

This read-only bit is set when an input signal of 
port 2, bit O makes a transition as defined by IEDG and 
the FRC 1s transferred to the ICR. Cleared when reading 
the upper byte ($000D) of the ICR following the 
TCSR1 or TCSR2 read. 


@ Timer Contro!/Status Register 2 (TCSR2) ($O00F) 

The timer control/status register 2 is a 7-bit register. All bits 
are readable and the lower 4 bits are also writable. But the 
upper 3 bits are read-only which indicate the following timer 
Status. 

BitS5 A match has occured between the FRC and the OCR2 
(OCF2). 

Bit 6 The same status flag as the OCF1! flag of the TCSR1, 
bit 6. 

Bit 7 The same status flag as the ICF flag of the TCSR1, bit 7. 

The followings are the each bit descriptions. 


Timer Control/Status Register 2 


7 6 5 4 3 2 1 0 


BitO O€1 Output Enable 1 
This bit enables the OLVL1 to appear at port 2, bit 
1 when a match has occurred between the counter and 
the output compare register 1 When this bit 1s cleared, 
bit 1 of port 2 will be an I/O port. When set, it will be 
an output of OLVLI automatically. 
Bit1 OE2 Output Enable 2 
This bit enables the OLVL2 to appear at port 2, bit 
5 when a match has occurred between the counter and 
the output compare register 2. When this bit is cleared, 
port 2, bit 5 will be an I/O port. When set, it will be an 
output of OLVL2 automatically. 
Bit2 OLVL2 Output Level 2 
OLVL2 1s transferred to port 2, bit 5 when a match 
has occurred between the counter and the OCR2. If 
bit 5 of the TCSR2 (OE2) 1s set to “1”, OLVL2 will 
appear at port 2, bit 5. 
Bit3 EOCI2 Enable Output Compare Interrupt 2 
When this bit ts set, an internal interrupt (IRQ3) by 
OCI2 interrupt is enabled. When cleared, the interrupt 
is inhibited. 
Bit 4 Not Used 
Bit5 OCF2 Output Compare Flag 2 
This read-only bit is set when a match has occurred 
between the counter and the OCR2. Cleared when 
writing to the OCR2 ($0019 or $001A) after the TCSR2 


read. 
Bit6 OCF1 Output Compare Flag 1 
Bit7 ICF Input Capture Flag 


OCF1 and ICF addresses are partially decoded. 
The CPU read of the TCSR1/TCSR2 makes it possible 
to read OCF1 and ICF into bit 6 and bit 7. 
Both the TCSR1 and TCSR2 will be cleared during reset. 
(Note) If OE] or OE2 1s set to “1” before the first output 
compare match occurs after reset restart, bit 1 or bit 5 
of port 2 will produce “0” respectively. 
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HD6303X Internal Date Bus 






af $19, $1A 
Output Compare 
Register 2 


Output Compare 2 





IRQ3 


ae 
a 






$OB, $0C 


Output Compare 
Register 1 


Output Compare 1 










i: $09, $OA 
Free Running 
16 Bit Counter 


1{ $OD, $OE 
Input Capture 
Register 






$OF 


Figure 18 Timer 1 Block Diagram 


= TIMER 2 
In addition to the timer |, the HD6303X_ provides an 8-bit 
reloadable timer, which 1s capable of counting the external 
event. This timer 2 contains a timer output, so the MPU can 
generate three independent waveforms (refer to Fig. 19). 
The timer 2 is configured as follows. 
Control/Status Register 3 (7 bit) 
8-bit Up Counter 
Time Constant Register (8 bit) 


@ Timer 2 Up Counter (T2CNT) ($001D) 

This 1s an 8-bit up counter which operates with the clock 
decided by CKSO and CKS1 of the TCSR3. The CPU can read 
the value of the counter without affecting the counter. In ad- 
dition, any value can be written to the counter by software 
even during counting. 

The counter is cleared when a match occurs between the 
counter and the TCONR or during reset. 

If a write operation is made by software to the counter at the 
cycle of counter clear, it does not reset the counter but put the 
write data to the counter. 


@ Time Constant Register (TCONR) ($001C) 

The time constant register is an 8-bit write only register. It 
is always compared with the counter. 

When a match has occurred, counter match flag (CMF) of 
the timer control status register 3 (TCSR3) is set and the value 
selected by TOSO and TOS! of the TCSR3 will appear at port 2, 
bit 6. When CMF is set, the counter will be cleared simultane- 
ously and then start counting from $00. This enables regular 
interrupts and waveform outputs without any software support. 
The TCONR is set to “SFF” during reset. 


® Timer Control/Status Register 3 (TCSR3) ($0018) 

The timer control/status register 3 is a 7-bit register. All bits 
are readable and 6 bits except for CMF can be written. 

The followings are each pin descriptions. 


Timer Control/Status Register 3 


7 6 5 4 3 2 1 .e) 
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Figure 19 Timer 2 Block Diagram 


BitO CKSO_ Input Clock Select 0 
Bit1 CKS1 Input Clock Select 1 
Input clock to the counter 1s selected as shown in 
Table 4 depending on these two bits. When an external 
clock 1s selected, bit 7 of port 2 will be a clock input 
automatically. Timer 2 detects the rising edge of the 
external clock and increments the counter. The external 
clock 1s countable up to half the frequency of the 
system clock 


Table 4 


Input Clock Select 









____|nput Clock to the Counter 
E clock 
E clock/8* 


E clock/128* 
External clock 


* These clocks come from the FRC of the timer 1. If one of these clocks 
is selected as an input clock to the up counter, the CPU should not 
write to the FRC of the timer 1 


Bit2 TOSO Timer Output Select 0 
Bit3 TOS1 Timer Output Select 1 
When a match occurs between the counter and the 
TCONR timer 2 outputs shown in Table 5 will appear at 
port 2, bit 6 depending on these two bits When both 
TOSO and TOS}! are “0”, bit 6 of port 2 will be an I/O 
port. 


Table 5 Timer 2 Output Select 











Timer Output 
Timer Output Inhibited 
Toggle Output* 
Output “0” 
Output “1” 









* When a match occurs between the counter and the TCONR, timer 2 
output level is reversed This leads to production of a square wave with 
50% duty to the external without any software support 


Bit4 T2E Timer 2 Enable Bit 
When this bit 1s cleared, a clock input to the up 
counter 1s prohibited and the up counter stops. When set 
to “1”, a clock selected by CKS1 and CKSO (Table 4) 

is Input to the up counter 
(Note) P,, outputs “0” when T2E bit cleared and timer 2 set 
in output enable condition by TOSI or TOSO. It also 
outputs “0” when T2E bit set “1” and timer 2 set in 
output enable condition before the first counter match 


occurs 
Bit5S Not Used 
Bit6 ECMI Enable Counter Match Interrupt 


When this bit is set. an internal interrupt (IRQ3) by 
CMI is enabled When cleared, the interrupt is inhibited. 
CMF Counter Match Flag 

This read-only bit 1s set when a match occurs between 
the up counter and the TCONR. Cleared by writing 
“0” by software write (unable to write “1” by soft- 
ware). 

Each bit of the TCSR3 is cleared during reset. 


Bit 7 
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® SERIAL COMMUNICATION INTERFACE (SCI) 

The HD6303X SCI contains two operation modes; one is an 
asynchronous mode by the NRZ format and the other is a 
clocked synchronous mode which transfers data synchronizing 
with the serial clock. 

The SCI consists of the following registers as shown in 
Fig. 20 Block Diagram. 


- Control/Status Register (TRCSR) 

- Rate/Mode Control Register (RMCR) 

* Receive Data Register (RDR) 

- Receive Data Shift Register (RDSR) 

- Transmit Data Register (TDR) 

- Transmit Data Shift Register (TDSR) 

The serial I/O hardware requires an initialization by software 
for operation. The procedure is usually as follows. 

1) Write a desirable operation mode into each correspond- 

ing control bit of the RMCR. 

2) Write a desirable operation mode into each correspond- 

ing control bit of the TRCSR. 

When using bit 3 and 4 of port 2 for serial I/O only, there is 
no problem even if TE and RE bit are set. But when setting the 
baud rate and operation mode, TE and RE should be ‘‘0”’. When 
clearing TE and RE bit and setting them again, more than 1 bit 
cycle of the current baud rate is necessary. If set in less than 1 
bit cycle, there may be a case that the internal transmit/receive 
initialization fails. 


@ Asynchronous Mode 

An asynchronous mode contains the following two data 
formats: 

1 Start Bit + 8 Bit Data + 1 Stop Bit 
1 Start Bit + 9 Bit Data + 1 Stop Bit 

In addition, if the 9th bit is set to “1” when making 9 

bit data format, the format of 
] Start bit + 8 Bit Data + 2 Stop Bit 
is also transferred. 

Data transmission is enabled by setting TE bit of the TRCSR, 
then port 2, bit 4 will become a serial output independently of 
the corresponding DDR. 

For data transmit, both the RMCR and TRCSR should be 
set under the desirable operating conditions. When TE bit 1s 
set during this process, 10 bit preamble will be sent in 8-bit data 
format and 11 bit in 9-bit data format. When the preamble 1s 
produced, the internal synchronization will become stable and 
the transmitter is ready to act. 

The conditions at this stage are as follows. 

1) If the TDR is empty (TDRE=1), consecutive 1’s are 

produced to indicate the idle state. 


2) If the TDR contains data (TDRE=0), data is sent to the 

transmit data shift register and data transmit starts. 

During data transmit, a start bit of “0” is transmitted first. 
Then 8-bit or 9-bit data (starts from bit 0) anda stop bit “1” 
are transmitted. 

When the TDR is “empty”, hardware sets TDRE flag bit. If 
the CPU doesn’t respond to the flag in proper timing (the TDRE 
is in set condition till the next normal data transfer starts from 
the transmit data register to the transmit sift register), “1” 1s 
transferred instead of the start bit “0” and continues to be 
transferred till data is provided to the data register. While the 
TDRE is ‘“‘1’’, ‘‘O”’ is not transferred. 

Data receive is possible by setting RE bit. This makes port 2, 
bit 3 be a serial input. The operation mode of data receive is 
decided by the contents of the TRCSR and RMCR. The first 
“0” (space) synchronizes the receive bit flow. Each bit of the 
following data will be strobed in the middle. If a stop bit is not 
“1” a framing error assumed and ORFE 11s set 

When a framing error occurs, receive data is transferred to 
the receive data register and the CPU can read error-generating 
data. This makes it possible to detect a line break. 


If the stop bit is “1”, data is transferred to the receive data 
register and an interrupt flag RDRF is set. If RDRF is still 
set when receiving the stop bit of the next data, ORFE 1s set to 
indicate overrun generation. 

When the CPU read the receive data register as a response to 
RDRF flag or ORFE flag after having read TRCS, RDRF or 
ORFE is cleared. 

(Note) Clock Source in Asynchronous Mode 
If CC1 . CCO = 10, the internal bit rate clock 1s provided 
at P,. regardless of the values for TE or RE. Maximum 
clock rate is E~ 16. 
If both CC1 and CCO are set, an external TTL compati- 
ble clock must be connected to P,,. at sixteen times 
(16x) the desired bit rate, but not greater than E. 


@ Clocked Synchronous Mode 

In the clocked synchronous mode, data transmit is 
synchronized with the clock pulse. The HD6303X SCI 
provides functionally independent transmitter and receiver 
which makes full duplex operation possible in the asynchronous 
mode. But in the clocked synchronous mode an SCI clock I/O 
pin is only P22, so the simultaneous receive and transmit 
operation is not available. In this mode, TE and RE should 
not be in set condition (“‘1”) simultaneously. Fig. 21 gives a 
synchronous clock and a data format in the clocked synchro- 
nous mode. 
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Figure 20 Serial Communication Interface Block Diagram 


Data transmit is realized by setting TE bit in the TRCSR. 
Port 2, bit 4 becomes an output unconditionally independent 
of the value of the corresponding DDR. 

Both the RMCR and TRCSR should be set in the desirable 
operating condition for data transmit. 

When an external clock input is selected, data transmit is 


CFs Transmit Direction 


performed under the TDRE flag “0” from port 2, bit 4, syn- 
chronizing with 8 clock pulses input from external to port 2, 
bit 2. 

Data is transmitted from bit O and the TDRE is set when the 
transmit data shift register is “empty”. More than 9th clock 
pulse of external are ignored. 


Synchronous LILI LILILI LILI LW 


clock 


Data 





A//Z/A Not Valid 


- Transmit data ts output from a falling edge of a synchronous clock to the next falling edge 


+ Receive data ts latched at the rising edge 


Figure 21 


When data transmit 1s selected to the clock output, the MPU 
produces transmit data and synchronous clock at TDRE flag 
Clear. 

Data receive is enabled by setting RE bit. Port 2, bit 3 will 
be a serial input. The operating mode of data receive 1s decided 
by the TRCSR and the RMCR. 

If the external clock input 1s selected. RE bit should be 
set when P22 1s “High”. Then 8 external clock pulses and 
the synchronized receive data are imput to port 2, bit 2 
and bit 3 respectively The MPU put receive data into the 
receive data shift register by this clock and set the RDRF 
flag at the termination of 8 bit data recetve More than 9th 
clock pulse of external input are ignored When RDRF 1s 
cleared by reading the receive data register, the MPU starts 


Clocked Synchronous Mode Format 


receiving the next data. So RDRF should be cleared with P,, 
“High” 

When data receive 1s selected to the clock output, 8 synchro- 
nous clocks are output to the external by setting RE bit. So re- 
ceive data should be input from extemal, synchronously with 
this clock. When the first byte data is received, the RDRF flag 
is set. After the second byte, receive operation 1s performed and 


output the synchronous clock to the external by clearing the 
RDRF bit. 


@ Transmit/Receive Control! Status Register (TRCSR) ($0011) 

The TRCSR 1s composed of 8 bits which are all readable. Bits 
0 to 4 are also writable. This register 1s initialized to $20 during 
reset. Each bit functions as follows. 
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Transmit/Receive Control Status Register 


7 6 5 4 3 2 1 0 


BitO WU Wake-up 

In a_ typical multi-processor configuration, the 
software protocol provides the destination address at 
the first byte of the message In order to make un- 
interested MPU ignore the remaining message, a wake-up 
function is available. By this, uninterested MPU can in- 
hibit all further receive processing till the next message 
Starts. 

Then wake-up function is triggered by consecutive 
I’s with 1 frame length (10 bits for 8-bit data, 11 for 
9-bit). The software protocol should provide the idle 
time between messages. 

By setting this bit, the MPU stops data receive till the 
next message. The receive of consecutive “1” with one 
frame length wakes up and clears this bit and then the 
MPU restarts receive operation. However, the RE flag 
Should be already set before setting this bit. In the 
clocked synchronous mode WU is not available, so this 
bit should not be set. 

Bit1 TE Transmit Enable 

When this bit 1s set, transmit data will appear at port 
2, bit 4 after one frame preamble in asynchronous mode, 
while in clocked synchronous mode it appears im- 
mediately. This is executed regardless of the value of 
the corresponding DDR. When TE is cleared, the serial 
I/O doesn’t affect port 2, bit 4. 

Bit2 TIE Transmit Interrupt Enable 

When this bit is set, an internal interrupt (IRQ3) is 
enabled when TDRE (bit 5) is set. When cleared, the 
interrupt is inhibited. 

Bit3 RE Receive Enable 

When set, a signal is input to the receiver from port 
2, bit 3 regardless of the value of the DDR. When RE 
is cleared, the serial I/O doesn’t affect port 2, bit 3. 

Bit4 RIE Receive Interrupt Enable 

When this bit is set, an internal interrupt, IRQ3 1s 
enabled when RDRF (bit 7) or ORFE (bit 6) is set. 
When cleared, the interrupt is inhibited. 

BitS5 TORE Transmit Data Register Empty 

TDRE is set when the TDR is transferred to the 
transmit data shift register in the asynchronous mode, 
while in clocked synchronous mode when the TDSR is 
“empty”. This bit is reset by reading the TRCSR and 
writing new transmit data to the transmit data register. 
TDRE is set to “1” during reset. 

(Note) TDRE should be cleared in the transmittable state after 
the TE set. 
Bit6 ORFE Overrun Framing Error 

ORFE is set by hardware when an overrun or a fram- 
ing error is generated (during data receive only). An 
overrun error occurs when new receive data is ready to 


be transferred to the RDR during RDRF still being set. 
A framing error occurs when a stop bit is “0”. But in 
clocked synchronous mode, this bit is not affected. This 
bit is cleared when reading the TRCSR, then the RDR, 
or during reset. 

Bit7 RDORF Receive Data Register Full 

RDRF is set by hardware when the RDSR is transfer- 
red to the RDR. Cleared when reading the TRCSR, then 
the RDR, or during reset. 

(Note) When a few bits are set between bit S to bit 7 in the 
TRCSR, a read of the TRCSR is sufficient for clearing 
those bits. It is not necessary to read the TRCSR every- 
time to clear each bit. 


® Transmit Rate/Mode Control Register (RMCR) 
The RMCR controls the following serial I/O: 


* Baud Rate 
* Clock Source 


* Data Format 
* Port 2, Bit 2 Function 


In addition, if 9-bit data format is set in the asynchronous 
mode, the 9th bit is put in this register. All bits are readable and 
writable except bit 7 (read only). This register is set to $00 
during reset. 


Transfer Rate/Mode Control Register 


7 6 5 4 3 2 1 9) 


Bit O SSO 
Bit 1 SS1 Speed Select 
Bit 5 SS2 


These bits control the baud rate used for the SCI. Table 
6 lists the available baud rates. The timer 1 FRC (SS2=0) and 
the timer 2 up counter (SS2=1) provide the internal clock to the 
SCI. When selecting the timer 2 as a baud rate source, it func- 
tions as a baud rate generator. The timer 2 generates the baud 
rate listed in Table 7 depending on the value of the TCONR. 
(Note) When operating the SCI with internal clock, do not 
perform write operation to the timer/counter which is 
the clock source of the SCI. 


Bit 2 cco 
Bit 3 CC1 Clock Control/F ormat Select® 
Bit 4 CC2 


These bits control the data format and the clock source 
(refer to Table 8) 

* CCO, CCI and CC2 are cleared during reset and the MPU 
goes to the clocked synchronous mode of the external 
clock operation. Then the MPU sets port 2, bit 2 into 
the clock input state. When using port 2, bit 2 as an 
output port, the DDR of port 2 should be set to “1” and 
CC1 and CCO to “0” and “1” respectively. 
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Table 6 SCI Bit Times and Transfer Rates 


(1) Asynchronous Mode 






















2 4576MHz 4 OMHz 49152MHz 
SS2 SS1 sso] 614 4kHz 1 OMHz | 12288MHz 
(0) 0 0 26 us '38400Baud 16 us, 62500Baud 13 us/76800Baud 
0 (0) 1 208 us/4800Baud 1288/7812 5Baud 104 2 us/9600Baud 
O 1 0 1 67ms/600Baud 1024ms 976 6Baud 833 3us, 1200Baud 
O 1 1 6 67ms/150Baud 4 096ms ‘244 1 Baud 3 333ms ‘300Baud 
1 _ — — * * * 





* When SS2 1s “‘1’’, Timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N 


input clock frequency to the 
timer 2 counter 


f f 


Baud Rate = 32 (N+) 


(2) Clocked Synchronous Mode * 





N=0~ 255 





SS2 SS1 Sso| 





0 0 0 E+2 
0) 0 1 E=+16 
0) 1 0 E+128 
0) 1 1 E+512 
1 — = as 











2 us ‘bit 

16uS/bit 
128 uS/bit 
512.us/bit 
* 








1 33us/bit 

10 7us, bit 

85 3us/bit 

341 us/bit 
* 











1 us. bit 
8us/bit 
64us/bit 
256us bit 
* ok 


* Bit rates in the case of internal clock operation. In the case of external clock operation, the external clock is 
operatable up to DC ~ 1/2 system clock. 





** The bit rate 1s shown as follows with the TCONR as N. 


4 (N+1) f: input clock frequency to the 
f 


timer 2 counter 
N = 0 ~ 255 


Bit Rate (us/bit) = 


Table 7 Baud Rate and Time Constant Register Example 





110 21° . . 43° 70° 
He 255 51° 
300 127 | 207 
600 63 103 
1200 a - 
2400 15 25 
4800 5 . 
9600 3 
19200 ; 2 
38400 6 = 


*E/8 clock 1s input to the timer 2 up counter and E clock otherwise. 
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Table 8 SCI Format and Clock Source Control 






































































CC2 CcC1 CCO Format Clock Source | Port 2, Bit 2 Port 2, Bit 3 Port 2, Bit 4 

0 8-bit data {| Clocked Synchronous | External Input 

0 0 1 8-bit data | Asynchronous Internal Not Used** sl palate es tater Dash 

0 1 0 8-bit data. | Asynchronous Internal Output* ~ a . Sg os ‘ 
bit 3 is used as a serial input. 

0 1 1 8-bit data | Asynchronous External Input 

1 0 0 8-bit data | Clocked Synchronous {| Internal Output 

1 0 1 9-bit data | Asynchronous Internal Not Used** acer anen Vem eae 

1 1 0 9-bit data | Asynchronous Internal Output* ee tua Ga 
bit 4 ts used as a serial output. 

1 1 1 9-bit data | Asynchronous External Input 


** Not used for the SCI. 


* Clock output regardless of the TRCSR, bit RE and TE. 


Bit6 TD8 Transmit Data Bit 8 
When selecting 9-bit data format in the asynchron- 
ous mode, this bit is transmitted as the 9th data. In 
transmitting 9-bit data, write the 9th data into this bit 
then write data to the receive data register. 
Bit7 RD8 Receive Data Bit 8 
When selecting 9-bit data format in the asynchronous 
mode, this bit stores the 9th bit data. In receiving 9-bit 
data, read this bit then the receive data register. 


@ PRECAUTION 2 

When transmitting through clock-synchronous serial communi- 
cation interface, TE bit should not be cleared with TDRE of TRCSR 
($11) is “‘O”’. 

The TDRE set and clear conditions of SCI are shown as follows. 


Set condition 


1. TDR — transmit 
shift register 
(asynchronous) 

2. Transmit shift 
register is empty. 
(clock-synchronous) 

3. RES = 0 









Clear condition 


When writing to TOR 
after TRSCR read, 
with TORE = 1, TDRE 
is cleared. 












@ PRECAUTION 1 

In the synchronous clocked receive operation with clock-output, 
there are three cases for clock pulse timing after RDRF clear as 
shown below. 

Please consider above in designing system, since transmitting 
receiving time is not uniform. 





TDRE 






The clock-output of case | or case 2 is determined by “‘1”’ or “0” 
of SCI internal operation clock of RDRF clearing cycle. In addition, 
in the case of low voltage operation (Vcc < 4.5V), the clock-output 
of case | may transfer to case 3. 


RDR read cycle (RDRF clear) 


ae 


If transmit data is written to TDR, and then TE bit is cleared with 
TDRE = 0 to stop transmitting, TDRE remains “O”’. 

In this case, even if TE bit is set and transmit data is written again, 
the TDR data is not transmitted. 

Please note that TE bit must be cleared after the last data has been 


transmitted. 
(This caution is not applied to asynchronous serial communica- 
tion interface.) 


ed ee ee ee 


bit O 


bit 1 


clock-output | | 


case 1 


t 


bit O 


case 2 | | 
$$ 


t, 


bit 0 


case 3 | [CO 


When bit rate is €/2, t, = E, and 
E/16, t= 8E, 


(note) 


tz = 2E. 
t2 = 16E. 


E/128, t, = 64E, 
E/512, t, = 256E, 


t2 = 128E. 
t2 = S12E. 


Precaution 1 Diagram 
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a TIMER, SCI STATUS FLAG 

Table 9 shows the set and resect conditions of cach status 
flag in the timer 1, timer 2 and SCI. 

As for Timer 1 and Timer 2 status flag, if the set and reset 
condition occur simultaneously, the set condition 1s prior to 
the reset condition. But in case of SCI control status flag, 
the reset condition has priority. Especially as for OCF1 and 


OCF2 of Timer 1, the set signal is generated periodically when- 
ever FRC matches OCR after the set, and which can cause the 
unclear of the flag. To clear surely, the method is necessary to 
avoid the occurence of the set signal between TCSR Read and 
OCR write. For example, match the OCR value to FRC first, 
and next read TCSR, and then write OCR at once. 


Table 9 Timer 1, Timer 2 and SCI Status Flag 


ICF FRC — ICR by edge input to P29. 





OCF 1 OCR1=FRC 


Timer 


1 OCF2 


OCR2=FRC 


FRC=$FFFF+1 cycle 





Stop Bit = 0 


RDRF=1 


Asynchronous Mode 
TOR — Transmit Shift Register 


2. Clocked Synchronous Mode 


SCI 






RES=0 


(Note) 1. —, transfer 
2 For example, ‘“ICRH'’ means High byte of ICR 


= LOW POWER DISSIPATION MODE 
The HD6303X provides two low power dissipation modes, 
sleep and standby. 


@ Sleep Mode 

The MPU goes to the sleep mode by SLP instruction execu- 
tion. In the sleep mode, the CPU stops its operation, while the 
registers’ contents are retained. In this mode, the peripherals 
except the CPU such as timers, SCI etc. continue their func- 
tions. The power dissipation of sleep-condition is one fifth that 
of operating condition. 

The MPU returns from this mode by an interrupt, RES or 
STBY, it goes to the reset state by RES and the standby mode 
by STBY. When the CPU acknowledges an interrupt request, it 
cancels the sleep mode, returns to the operation mode and 
branches to the interrupt routine. When the CPU masks this 
interrupt, it cancels the sleep mode and executes the next 
instruction. However, for example if the timer 1 or 2 prohibits 
a timer interrupt, the CPU doesn’t cancel the sleep mode be- 
cause of no interrupt request. 

This sleep mode 1s effective to reduce the power dissipation 





CMF T2CNT=TCONR 
2 
RORF Receive Shift Register > RDR 


Framing Error (Asynchronous Mode) 





2. Overrun Error (Asynchronous Mode) 
Receive Shift Register - RDR when 


Transmit Shift Register is “empty’’ 


Reset Condition 


1 Read the TCSR1 or TCSR2 then ICRH, 
when ICF=1 


2. RES=0 
Read the TCSR1 or TCSR2 then write to the 
OCR1H or OCR1L, when OCF1=1 

2. RES=0 

1 Read the TCSR2 then write to the OCR2H or 
OCR2L, when OCF2=1 


2. RES=0 

1. Read the TCSR1 then FRCH, when TOF =1 

2. RES=0 

1. Write “O" to CMF, when CMF =1 

2. RES=0 

1. Read the TRCSR then RDR, when RORF=1 
2. RES=0 

1. Read the TRCSR then RDR, when ORFE=1 
2. RES=0 









Read the TRCSR then write to the TDR, 
when TDRE=1 


(Note) TDRE should be reset after the TE set. 







for a system with no need of the HD6303X’s consecutive 
operation. 


@ Standby Mode 

The HD6303X stops all the clocks and goes to the reset 
state with STBY “Low”. In this mode, the power dissipation is 
reduced conspicuously. All pins except for the power supply, 
the STBY and XTAL are detached from the MPU internally 
and go to the high impedance state. 

In this mode the power 1s supplied to the HD6303X, so 
the contents of RAM 1s retained. The MPU returns from this 
mode during reset. The followings are typical usage of this 
mode. 

Save the CPU information and SP contents on RAM by NMI. 
Then disable the RAME bit of the RAM control register and set 
the STBY PWR bit to go to the standby mode. If the STBY 
PWR bit is still set at reset start, that indicates the power is 
supplied to the MPU and RAM contents are retained properly. 
So system can restore itself by returning their pre-standby infor- 
mations to the SP and the CPU. Fig. 22 depicts the timing at 
each pin with this example. 
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RAM/Port 5 Control Start Time 
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Restart 


Figure 22 Standby Mode Timing 


® TRAP FUNCTION 

The CPU generates an interrupt with the highest priority 
(TRAP) when fetching an undefined instruction or an instruc- 
tion from non-memory space The TRAP prevents the system- 
burst caused by noise or a program error 


® Op Code Error 

When fetching an undefined op code, the CPU saves CPU 
registers as well as a normal interrupt and branches to the TRAP 
(SFFEE,SFFEF) This has the priority next to reset. 


@ Address Error 

When an instiuction fetch 1s made fiom inteinal register 
(SOO0O0~S001F), the MPU geneiates an interiupt as well as an 
op code e101 But on the system with no memory in its ex- 
ternal memory area, this function 1s not applicable if an in- 
struction fetch is made from the external non-memory area. 


This function 1s available only for an instruction fetch and 

is not applicable to the access of normal data read/write 

(Note) The TRAP interrupt provides a retry function different- 
ly from other interrupts. This is a program flow return 
to the address where the TRAP occurs when a sequence 
returns to a main routine from the TRAP interrupt 
routine by RTI. The retry can prevent the system burst 
caused by noise etc. 
However, if another TRAP occurs, the program repeats 
the TRAP interrupt forever, so the consideration 1s 
necessary in programming. 


@ INSTRUCTION SET 

The HD6303X provides object code upward compatible 
with the HD6801 to utilize all instruction’ set of the 
HMCS6800. It also reduces the execution times of key instruc- 
tions for throughput improvement. 

Bit manipulation instruction, change instruction of the 
index register and accumulator and sleep instruction are also 
added. 

The followings are explained here. 

CPU Programming Model (refer to Fig 23) 
Addressing Mode 


Accumulator and Memory Manipulation Instruction 
(refer to Table 10) 

* New Instruction 

* Index Register and Stack Manipulation Instruction 
(refer to Table 11) 

* Jump and Branch Instruction (refer to Table 12) 

* Condition Code Register Manipulation 
(refer to Table 13) 

* Op Code Map (refer to Table 14) 


@ Programming Model 

Fig. 23 depicts the HD6303X programming model The 
double accumulator D consists of accumulator A and B, so 
when using the accumulator D, the contents of A and B are 
destroyed. 


0 8B Bn Accumulatars A ang B 






Of OF 16 Bt Double Accumulator ie) 


18 x 0 


? i!) 
lstobits|2|y |) 


Figure 23 CPU Programming Model 


index Register (X) 
Stack Pointer (SP) 
Program Counter (PC) 


Condition Code Register (CCR) 


Carry /Borrow trom MSB 
Over ftow 

Zero 

Negative 

Interrupt 

Half Carey (From 8:t 3) 


@ CPU Addressing Mode 

The HD6303X provides 7 addressing modes The addressing 
mode is decided by an instruction type and code Table 10 
through 14 show addressing modes of each instruction with 
the execution times counted by the machine cycle. 

When the clock frequency 1s 4 MHz, the machine cycle time 
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becomes microseconds directly. 
Accumulator (ACCX) Addressing 

Only an accumulator 1s addressed and the accumulator A or 
B is selected. This is a one-byte instruction. 

Immediate Addressing 

This addressing locates a data in the second byte of an 
instruction However, LDS and LDX locate a data in the second 
and third byte exceptionally This addressing 1s a 2 or 3-byte 
instruction 
Direct Addressing 

In this addressing mode, the second byte of an instruc- 
tion shows the address where a data 1s stored 256 bytes ($0 
through $255) can be addressed directly. Execution times 
can be reduced by storing data in this area so it is recommended 
to make it RAM for users’ data area in configurating a system. 
This is a 2-byte instruction, while 3-byte with regard to AIM, 
OIM, EIM and TIM. 

Extended Addressing 

In this mode, the second byte shows the upper 8 bit of the 
data stored address and the third byte the lower 8 bit This 
indicates the absolute address of 3-byte instruction in the 
memory. 

Indexed Addressing 

The second byte of an instruction and the lower 8 bit of the 
index register are added in this mode. As for AIM, OIM, EIM 
and TIM, the third byte of an instruction and the lower 8 bits 
of the index register are added. 

This carry is added to the upper 8 bit of the index register 
and the result is used for addressing the memory. The modified 
address is retained in the temporary address register, so the con- 
tents of the index register doesn’t change. This is a 2-byte 
instruction except AIM, OIM, EIM and TIM (3-byte instruc- 
tion). 


HD6303X, HD63A03X, HD63B03X 


Implied Addressing 
An instruction itself specifies the address. That is, the 
instruction addresses a stack pointer, index register etc. This is a 
one-byte instruction. 
Relative Addressing 
The second byte of an instruction and the lower 8 bits of 
the program counter are added. The carry or borrow is added to 
the upper 8 bit. So addressing from -126 to +129 byte of the 
Current instruction is enabled. This is a 2-byte instruction. 
(Note) CLI, SEI Instructions and Interrupt Operation 
When accepting the IRQ at a preset timing with CLI 
and SEI instructions, more than 2 cycles are neces- 
sary between the CLI and SEI instructions. For example, 
the following program (a) (b) don’t accept the IRQ but 
(c) accepts it. 


CLI 


CLI CLI NOP 

SEI NOP NOP 
SEI SEI 

(a) (b) (c) 


The same thing can be said to the TAP instruction 
instead of the CLI and SEI instructions. 
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Table 10 Accumulator, Memory Manipulation Instructions 


























Addressing Modes ee 
6 ester 
eo, PIMMED [OIRECT | INDEX [EXTENO|IMPLIED | artnmenrcOperation |5141[3]2|1 [0 
jor|-[+lor|- |«]or]~|=]or |~|«] or] ~~ sz [ve 
Ada 2 jael4{2ieeia ia) | | [AtM~A [tote tials 
[| anos [cel2|2/oe[3|2jes{e[2ire[4i3] | | je+m-s st foie is [tie 
Add Double fea|s[2[F3[5|3/ | | |A B+M M+i~A B |ele|i isis ]s 
Add Accumulators | ABA | | tT | Tt peti fa+era lt eds iets 
Add With Carry j2fagi4{2|eoi4i3} | | la+m+cwa [it lels[s[s[s 
2jeolai2|rolais; | | jp+m+c+e [alesis tals 
AND 2 {aala[2 [ea jai3] | | jAM=A fe lels is [Rie 
Saeee j2jea|aj2iraja[3/ | | jem~e fe lele[s [Re 
Bit Test 2fasfa[2{es{aj3| | [ fam se eit] [Rie 
ee 2 [FS | 4 | | | [em fe je[t{t [Rie 
Clear 12 | AS 00M fe je |R]s{R| R 
eee 4Fiijijoo-a sf fe [RS |RIR 
eta A ie 2] 2 SE fe je IRIS |RIR 
Compare 12 |ar| 4 | 2 3 pejejiit it | ‘ 
2 Jer [4 |2 OOBEREE 
ms PETE Th 
Accumulators i | eve teat 
Complement, 1's Bi 16 [2 {73 {6 [3 | ze -™ pe fe ft] s [R | s 
Pt ft tt ft fasts fawa ele lt ia iris 
a ft TT | Tt  issjtfsje-e se fo fe fs [RI s 
Complement, 2's | jeo[6[2 {70 [6 |3} | | joo-m-M fe leli]t [O@ 
(Negate] Pi tT | | fT feofifsfoo-a-a fe fe [s[ [ole 
Pt TT ft TT tso[i {i foo-s-8 fe fo [et] fo) 
Decimal Adjust, A oe 19 | 2/1 alesis BED fore jefe la(s]s [0 
Geer stele patetsy pp ywetew te : 
Lae eee FE Ea RE ° 
oma | [saji{ije-1-e se fo [et Jole 
Exclusive OR As | 4 |2 [88 | 4 [3 | | [A@M~A fe fo fet [Rie 
Ee FS | | | [BOMB fe fe [tit Rie 
Increment iat 6C 7C 13 | ied M+1—M fe fe ft} t (| % 
PoE tt Tt facies fasten [ele ltit lole 
| ft Tt tT [ [sctiisje+i-8 fe fe [sy [oye 
Load 2 2jesi4i3; | | [mM-a se fo [et [it [re 
Accumulator 2 2 Fe [4 3 | 7 M~8 pele {ft {2 {R| e 
= SEPERPLET a 
Accumulator fete fa i 
Multiply Unsigned 3D Co 
oe raatafe fastest GUGHuL 
EA ele PALS af SEM eo ee els 
Push Data Leese 36 /4 [1 | A — Msp, SP - 1+ SP En el Cd = 
Tere esse, B - Msp, SP - 1 ~ SP ° 
Pull Data ae 28 Paci SP + 1~ SP. Msp + A Boson :. 
|] | | | fT fa3]3]s [se+1— sp. mo - 6 fe jelelele 
Rotate Left | {eo [e6l2{79{6|3; | | ly OORBOE 
PPT er) Soecoooo err top 
en ee ee ” Pr or 
Rotate Right | [66 [6 [2 [76 Petty M ae fe fe ttt lols 
a ee GAC 
Sean OOGROE 
(Note) Condition Code Register will be explained in Note of Table 13 (continued) 
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Table 10 Accumulator, Memory Manipulation Instructions 


Condition Code 
Register 





Addressing Modes 


IMMED | OIRECT | INOEX |EXTEND | IMPLIED 





' 
- o> | om | oo | om | oo foo ge dl te: homed ripe: adda [esl ee ce Ag wae ae alas le ese 


<> olole! © lolowlelole © lelelel-[-l-l-1-|-lelelelele[elalale 
eps fatale = fafa et eee ees 
eecetiel oil ssiieleleie oleic bale alae eslotele Gilel almlelsiee! 
ols feolele] s felelefetefe(e lele is felele se efeleletepeiereietetel 


i oe i L Je 
' = 

[joj 2< el _et<o'io |dia qiai ct] Cid 
elena) ee eee ele ele a 
ea le ele eae ee a 


< - 
PTT ef T fef Ty felefefelefal [ele| | fel [iT TT | 


S vz eis Q 

~ ws elu ~ 
Pte Te TT [alata fefafe] lala | fel | [elelo[o| 
po] TT fet fot Telefe fefefe [ele] | fe] | [eis tele 

min 
~~ 

PP ET TT att fefefee]  fefel | Pt | feleiele| 
PT Ty EE fefet fefele| felef | ttt lejelol<| 
~i| O —-| N | MO, oO 














| 
| 
|| 
| 


Boolean/ 
Arithmetic Operation 


Sa aeenrneanrmararsal 
ACC A/ ACC 8B 
AQ 87 
— 


< 
t 
ots) 
' 
2 
t 


M-B6 
-B-+A 





M - 
8 
A 
00 
00 
00 
M IMM-—-M 














<a 





z 
2 
~ 


SUBB 
SuBsD 
SBA 
SBCA 
sBCcB 
TAB 
TBA 
TST 
TSTA 
TSTB 
EIM 
M 


ASL 
ASLB 
ASLO 
ASRB 
LSR 

















Double Shift 
Left, Arithmetic 
Shift Right 
Double Shift 
Right Logical 
Accumulator 
Store Double 
_Accumulator 
Double Subtract 
Subtract 
Accumulators 
With Carry 
Accumulators 
Test Zero or 
Minus 
And Immediate 
OR immediate 
EOR Immediate 
Test Immediate 


Arithmetic 
Shift Right 


Operations 
Shift Left 
Arithmetic 
Logical 
Subtract 
Subtract 
Transfer 





Store 








(Note) Condition Code Register will be explained in Note of Table 13 
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@ Additional Instruction 
In addition to the HD6801 instruction set, the HD6303X 
prepares the following new instructions. 


(M):(IMM) > (M) 

Executes “AND” operation to immediate data and the 
memory contents and stores its result in the memory. 
(M) +(IMM) > (M) 


Executes “OR” operation to immediate data and the 
memory contents and stores its result in the memory. 


(M) @ (IMM) > (M) 
Executes “EOR” operation to immediate data and the 
memory contents and stores its result in the memory. 


e © © © © ew 


ee 2 e © ee 


oe © @ eo ee 


Table 11 


Pointer Operations 





























Compare index Reg CPX 
Decrement Index Reg DEX 
Decrement Stack Pntr DES ~~ 
__Increment Index Reg “INX +++ 
Increment Stack Por INS ptt ttt 
Load Index Reg _ LOX SSE IERLaTas 
__ Load Stack Pntr LOS ge | 3/3 /9€ [4 [2 | 
Store Index Reg STX Lee sees tT 
Store Stack Pntr STS He AF [5 [2 
Index Reg ~ Stack Pntr| TXS ae he 
Stack Pntr + Index Reg| TSX Be . 
Add ABX ae a 
Push Data PSHX zz = 3C a 
Pull Data | PULX +} [ a 
Exchange XGDX BESRiIe 


Soe sti Sie 


(M) > (IMM) 


Executes ““AND’’ operation to immediate data and 
changes the relative flag of the condition code register. 


eo 4 6 we ee 


These area 3-byte instructions; the first byte is op code, the 
second immediate data and the third address modifier. 


XGDX ..... (ACCD) <> (IX) 
Exchanges the contents of accumulator and the index 
register. 

SLP 


Goes to the sleep mode. Refer to “LOW POWER DIS- 
SIPATION MODE” for more details of the sleep mode. 


Index Register, Stack Manipulation Instructions 


Addressing Modes 


Sear olor a ter pop [~ | # [oP | 
Sassen ae 









condiiey Code 

Boolean/ egieter 

Arithmetic Operation Boag 0 
THT TIN |Z [vic 


ee Le eae OO 
eee 


pepe msi) X_ [ele] 
Te] 


guna ce a 
TP Tao tr fr ses x 





X14-> Mgp, SP - 1+ SP 
SP +1 SP, Myo: 
SP + 1+ SP, Mgp 








25 
OX 
1 


8 ]2 


(Note) Condition Code Register will be explained in Note of Table 13 
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Table 12 Jump, Branch Instructions 


Addressing Modes Condition Code 
Register _ 
Operations Mnemonic RELATIVE DIRECT c sla siahato 





OP; ~| # OP ~\a@ 

sronch Aways [aaa for sjay TTT TT Tt Tt [ene Tete tefofeye 

_ Branch Never | eRN i atiaiz7 Pt Nore ole lo lele 

Branch If Carty Cla “tet tt tee 

Branch i Carry Set mee pepe ie a sfetetets 
| Bea 27/3 = 


Branch If = Zero 
Branch If > Zero 
___Branch if > Zero 
Branch: tf {f Higher 
Branch If « < Zero 
Branch If Lower Or 



















Cc 
+—- Seep eae ner er 
ees 











Branch if < Zero 
Branch If Minus 


Branch If Not Equal i ‘ = ele r) le e 
eNO pase ee iit! 
Branch If Overflow 0 5 ele 







































































Clear BVC 28 = e 
ae Ls: cee us RR Cn Ne er _ 
Branch If Overflow ‘Set BVS F mi 7 S Ma 2, Aon ao fe | eje|e. 
Branch If Plus BPL a ee i [N- fe | elele 
Branch To Subroutine BSR Biel inde 512 i { elele 
ste ou —+4---4-— Pee eee ses ae a 
“Jump 2 IMP | “a 3 ek ; - | elelje 
Jump To To Subroutine JSR 3 eleie 
No Operation NOP Ronee Prog Cntr jo |e | e 











4 





Return From Interrupt RTI eens ® oe 
Return From a ~ 
Subroutine RTS il ejele ie leile 


Software interruot | SW saeseeeeeesD ggagac 


Wait for interrupt® WAI | a * |@| e 
eep Oe Ae] (ica ° 


(Note) *WAI puts R/W high, Address Bus goes to FFFF, Data Bus goes to the three state 
Conaition Code Register will be explained in Note of Table 13 








@ HITACHI 
Hitachi America, Ltd. « Hitachi Plaza e 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 © (415) 589-8300 115 








HD6303X, HD63A03X, HD63B03X 





116 


Clear Interrupt Mask 
Clear Overflow 


Set Overflow 
Accumulator A ~ CCR 


Table 13 Condition Code Register Manipul 


ar: ddressingMode 


Operations 


Clear Carry 





Set Carry 
Set Interrupt Mask 








CCR - Accumulator A 


LEGEND 
OP Operation Code (Hexadecimal) 
~ Number of MCU Cycles 
Msp Contents of memory location pointed to by Stack Pointer 
Number of Program Bytes 
Arithmetic Plus 
Arithmetic Minus 


eONDACNSZ-—-T 








ation Instructions 


Condition Code Register 


[sa [afta ty | 
pHi tn iz tv 


ny 


——- 9 
pete [ele le 


Sleinmn ie; e!/Dinic 





CONDITION CODE SYMBOLS 


Half-carry from bit 3 to bit 4 
Interrupt mask 

Negative (sign bit) 

Zero (byte) 

Overflow, 2’s complement 
Carry/Borrow from/to bit 7 


Set if true after test or clear 


0? (Not cleared if previously set) 


@ ~=Boolean AND Reset Always 
+ Boolean Inclusive OR Set Always 
® Boolean Exclusive OR 
M Complement of M Not Affected 
> Transfer into 
QO Bit = Zero 
00 Byte = Zero 
(Note) Condition Code Register Notes (Bit set if test 1s true and cleared otherwise) 

(Bit V) Test Result = 10000000? 

2 = (Bit C) Test Result * 00000000? 

(3) (Bit C) Test BCD Character of high-order byte greater than 1 

(> (Bit V) Test Operand = 10000000 prior to execution? 

5 (Bit V) Test Operand = 01111111 prior to execution? 

6 (Bit V) Test Set equal to N@ C= 1 after the execution of instructions 

7 (Bit N) Test Result less than zero? (Bit 15=1) 

8 (All Bit) Load Condition Code Register from Stack 

9 (Bit 1) Set when interrupt occurs If previously set, a Non-Maskable Interrupt ts required to exit the wait state 

10 (All Bit) Set according to the contents of Accumulator A 

Ws (Bit C) Result of Multiplication Bit 7=1? (ACCB) 


Table 14 OP-Code Map 



























































Ttpa 'peQ | P: 














0’ 8 |INX | xGDx! BvC | PULX!~~-ASL 
DEX [aa Tove [ars | ROL 
a'civ |SLP,BPL | ABX | 
ui [a Sev A Tam [atl 
a oe : St gt eee core 





ACCA or SP | ~~ ACCBorxX 
OIR | IND. EXT | IMM | DIR | IND | EXT 
1010 | iol | 100 hor’ i110 Tr 

A BG Oe BF. 













SUB 
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UNDEFINED OP CODE 
* Only each instructions of AIM, OIM, EIM, TIM 
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@ CPU OPERATION 
@ CPU Instruction Flow 

When operating, the CPU fetches an instruction from a 
memory and executes the required function. This sequence 
starts with RES cancel and repeats itself limitlessly if not 
affected by a special instruction or a control signal. SWI, RTI, 
WAI and SLP instructions change this operation, while NMI, 
IRQ,, IRQ,, IRQ,, HALT and STBY control it. Fig. 24 gives 
the CPU mode transition and Fig. 25 the CPU system flow 
chart. Table 15 shows CPU operating states and port states. 








@ Operation at Each Instruction Cycle 

Table 16 shows the operation at each instruction cycle. 
By the pipeline control of the HD6303X, MULT, PUL, DAA 
and XGDX instructions etc. prefetch the next instruction. So 
attention is necessary to the counting of the instruction cycles 
because it is different from the usual one ------ op code fetch 
to the next instruction op code. 


Table 15 CPU Operation State and Port State 


~~ Control 
Signal 





H;High, L,Low, T , High Impedance 
* RD, WAR, RW, LIR =H, BA=L 
** RD, WR, R/W=T,LIR, BA=H 
*** E pin goes to high impedance state 


HD6303X, HD63A03X, HD63B03X 


Active 





Figure 24 CPU Operation Mode Transition 
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VECTORING 







(Note) 1 The program sequence will come to the RES start from 
any place of the flow during RES. When STBY=0, the 
sequence will go into the standby mode regardless of the CPU 
condition. 


2 Refer to “FUNCTIONAL PIN DESCRIPTION” for more 
details of interrupts 


























N 
Y 
| 
| | 
| 
| 
| Ere | Eee in 
EN | RS | | 


NM INTERRUPT 
REQUEST FLAG 
CLEAR 


INTERRUPT REQUEST FLAGS 
CLEAR EXCEPT NMI 


Figure 25 HD6303X System Flow Chart 
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Table 16 Cycle-by-Cycle Operation 


i 





IMMEDIATE 

Op Code Address + 1 

AND BIT Op Code Address + 2 

CMP EOR 

LDA ORA 

SBC SUB 

ADDD CPX Op Code Address + 1 
Op Code Address + 2 
Op Code Address +3 





























Data Bus 





Operand Data 
Next Op Code 


“|!” Operand Data (MSB) 


Operand Data (LSB) 
Next Op Code 





Address of Operand (LSB) 
Operand Data 
Next Op Code 


Destination Address _ 
Accumulator Data 
Next Op Code 
































Address of Operand (LSB) | 
Operand Data (MSB) 
Operand Data (LSB) 

Next Op Code Ae 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 




































DIRECT 
ADC ADD Op Code Address + 1 1 1 
AND BIT Address of Operand 1 1 
CMP EOR Op Code Address + 2 1 1 
LDA ORA 
SBC SUB 
STA : “1 [| Op Code Address + 1 1 
2 Destination Address 1 
eee 3 Op Code Address + 2 6) 
ADOD CPX “y Op Code Address+1 1 
LODO LOS 2 Address of Operand 1 
LDX SUBD 3 Address of Operand+ 1 1 
4 Op Code Address+2 _ .@) 
“STO STS “1 | Op Code Address+1_ 1 
STX 2 Destination Address 1 
3 Destination Address + 1 1 
4 Op Code Address + 2 0 
“JSR” ~ 1 | Op Code Address+1 ) 1 
2 FFFF 1 1 
3 Stack Pointer 1 1 
4 Stack Pointer - 1 1 1 
5 Jump Address @) 0 
TM.OO”~C” 1 | Op Code Addresst1 0 i a i 
2 Op Code Address + 2 0 1 
3 Address of Operand 0) 1 
4 Op Code Address + 3 0 (0) 
“AIM ~EIM. “1 | Op Code Address+1 ~ 0. 1 
OIM 2 Op Code Address + 2 .@) 1 
3 Address of Operand 0 1 
4 FFFF 1 1 
5 Address of Operand 1 1 
6 Op Code Address + 3 0 0) 
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Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
Immediate Data 

Address of Operand (LSB) 
Operand Data 

Next Op Code 

Immediate Data 

Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Op Code 


(Continued) 
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INDEXED 
JMP Op Code Address + 1 1 Offset 
FFFF et 1 Restart Address (LSB) 
Jump Address 1 First Op Code of Jump Routine 
ADC AOD Op Code Address+ 1 1 0 Offset 
AND BIT FFFF 1 1 Restart Address (LSB) 
CMP EOR IX + Offset 1 Oo Operand Data 
LDA ORA Op Code Address +2 1 0] Next Op Code 
SBC SUB 
TST 
STA 1 Op Code Address + 1 Offset 
4 2 FFFF Restart Address (LSB) 
3 IX + Offset Accumulator Data 
4 Op Code Address+ 2 Next Op Code 
ADDD 1 Op Code Address + 1 1 0 1 1 Offset 
CPX LOD 2 FFFF 1 1 1 1 Restart Address (LSB) 
LOS LOX 3 IX + Offset 1 0 1 1 Operand Data (MSB) 
SUBD 4 1X + Offset +1 1 0 1 1 Operand Data (LSB) 
5 Op Code Address + 2 1 0 1 (0) Next Op Code 
STD STS Op Code Address + 1 O 1 1 Offset 
STX FFFF 1 1 1 Restart Address (LSB) 
IX + Offset 1 6) 1 Register Data (MSB) 
IX + Offset + 1 1 0 1 Register Data (LSB) 
Op Code Address +2 0 1 0) Next Op Code 
JSR 1 Op Code Address + 1 @) 1 Offset - 
2 FFFF 1 1 Restart Address (LSB) 
5 3 Stack Pointer 1 1 Return Address (LSB) 
4 Stack Pointer — 1 1 1 Return Address (MSB) 
5 IX + Offset 0 @) First Subroutine Op Code 
ASL ASR 1 Op Code Address + 1 1 0 1 Offset 
COM DEC 2 FFFF 1 1 1 Restart Address (LSB) 
INC LSR 6 3 IX + Offset 1 0 1 Operand Data 
NEG ROL 4 FFFF 1 1 1 Restart Address (LSB) 
ROR 5 IX + Offset 0 1 1 New Operand Data 
6 Op Code Address + 2 1 (0) (0) Next Op Code 
TIM 1 Op Code Address + 1 0) 1 Immediate Data 
2 Op Code Address +2 0 1 Offset 
3 FFFF 1 1 Restart Address (LSB) 
4 IX + Offset 0 1 Operand Data 
5 Op Code Address +3 0 ) Next Op Code 
CLR 1 Op Code Address +1 0 1 Offset ee 
2 FFFF 1 1 Restart Address (LSB) 
3 IX + Offset 0 1 Operand Data 
4 IX + Offset 1 1 00 
5 Op Code Address +2 0 0 Next Op Code 
AIM EIM 1 Op Code Address + 1 0 1 Immediate Data _ 
OIM 2 Op Code Address +2 0 1 Offset 
3 FFFF 1 1 Restart Address (LSB) 
7 4 IX + Offset 0 1 Operand Data 
5 FFFF 1 1 Restart Address (LSB) 
6 IX + Offset 1 1 New Operand Data 
7 Op Code Address +3 OF Next Op Code 
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Data Bus 





(Continued) 





Address Mode & 
Instructions 


EXTEND 
JMP 
ADC ADO TST 
AND BIT 
CMP EOR 
LOA ORA 
SBC SUB 
STA 
ADDD 
CPX LOD 
LDS LDX 
SUBD 
STD STS 
STX 
JSR 
ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 
CLR 
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Op Code Address + 1 
Op Code Address + 2 
Jump Address 
Op Code Address + 1 
Op Code Address +2 
Address of Operand 
Op Code Address +3 









&2WN WN — 





Op Code Address+ 1 
Op Code Addiess +2 
Destination Address 
Op Code Address +3 
Op Code Address + 1 
Op Code Address+ 2 
Address of Operand 
Address of Operand+ 1 
Op Code Address + 3 
Op Code Address+ 1 
Op Code Address + 2 
Destination Address 
Destination Address + 1 
Op Code Address+3 
Op Code Address + 1 
Op Code Address+ 2 
FFFF 

Stack Pointer 

Stack Pointer — 1 
Jump Address 

Op Code Address+ 1 
Op Code Address +2 
Address of Operand 
FFFF 

Address of Operand 
Op Code Address+3 
Op Code Address+ 1 
Op Code Address+ 2 
Address of Operand 
Address of Operand 
Op Code Address +3 
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Data Bus 


Jump Address (MSB) 
Jump Address (LSB) 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

Next Op Code 


Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 

Next Op Code 

Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 

Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Gp Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

00 

Next Op Code 


(Continued) 
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Address Mode & | 019, | Cycle Address Bus R/W WR | LIR Data Bus 
Instructions # 








































IMPLIED 

ABA ABX Op Code Address+ 1 Next Op Code 

ASL ASLD 

ASR CBA 

CLC CLI 

CLR CLV 

COM DEC 

DES DEX 

INC INS 

INX LSR 

LSRD ROL 

ROR NOP 

SBA SEC 

SEI SEV 

TAB TAP 

TBA TPA 

TST TSX 

TXS 

DAA XGDX 1 Op Code Address + 1 Next Op Code 

PULA PULB 1 Op Code Address + 1 Next Op Code 

3 2 FFFF ra Restart Address (LSB) 

3 Stack Pointer +1 Data from Stack 

PSHA PSHB 1 Op Code Address + 1 Next Op Code 
2 FFFF Restart Address (LSB) 
3 Stack Pointer Accumulator Data 
4 Op Code Address + 1 Next Op Code 

PULX 1 Op Code Address + 1 Next Op Code 
2 FFFF Restart Address (LSB) 
3 Stack Pointer + 1 Data from Stack (MSB) 
4 Stack Pointer + 2 Data from Stack (LSB) 

PSHX 1 Op Code Address + 1 Next Op Code 
2 FFFF Restart Address (LSB) 
3 Stack Pointer Index Register (LSB) 
4 Stack Pointer — 1 Index Register (MSB) 
5 Op Code Address + 1 Next Op Code 

RTS 1 Op Code Address + 1 fe) ty 1 Next Op Code 
2 FFFF 1 1 1 Restart Address (LSB) 
3 Stack Pointer + 1 0 1 1 Return Address (MSB) 
4 Stack Pointer + 2 (0) 1 1 Return Address (LSB) 
5 Return Address 0 1 0 First Op Code of Return Routine 

MUL 1 Op Code Address + 1 fe) 1 Q Next Op Code 
2 FFFF 1 1 1 Restart Address (LSB) 
3 FFFF 1 1 1 Restart Address (LSB) 

7 4 FFFF 1 1 1 Restart Address (LSB) 

5 FFFF 1 1 1 Restart Address (LSB) 
6 FFFF 1 1 1 Restart Address (LSB) 
7 FFFF 1 1 1 Restart Address (LSB) 





(Continued) 
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Address Mode & 


























































Instructions t 
IMPLIED 
WAI 1 Op Code Address + 1 1 fe) 1 Next Op Code 
2 FFFF 1 1 1 1 Restart Address (LSB) 
3 Stack Pointer 0 1 Oo 1 Return Address (LSB) 
4 Stack Pointer — 1 0 1 (0) 1 Return Address (MSB) 
5 Stack Pointer —2 0 1 0) 1 Index Register (LSB) 
6 Stack Pointer — 3 0 1 0 1 Index Register (MSB) 
7 Stack Pointer —4 (0) 1 0 1 Accumulator A 
8 Stack Pointer —5 (¢) 1 0 1 Accumulator B 
3 Stack Pointer —6 0 1 0 1 Conditional Code Register 
RTi 1 Op Code Address + 1 0 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer + 1 (¢) Conditional Code Register 
4 Stack Pointer +2 0 Accumulator B 
5 Stack Pointer + 3 0 Accumulator A 
6 Stack Pointer +4 Oo Index Register (MSB) 
7 Stack Pointer +5 0 Index Register (LSB) 
8 Stack Pointer +6 ie) Return Address (MSB) 
9 Stack Pointer +7 0 Return Address (LSB) 
10 Return Address Oo First Op Code of Return Routine 
SWI 1 Op Code Address + 1 1 0 1 1 Next Op Code 
2 FFFF 1 1 1 1 Restart Address (LSB) 
3 Stack Pointer 0 1 ce) 1 Return Address (LSB) 
4 Stack Pointer —- 1 0 1 (@) 1 Return Address (MSB) 
5 Stack Pointer —2 fe) 1 (0) 1 index Register (LSB) 
6 Stack Pointer —-3 fe) 1 0 1 tndex Register (MSB) 
7 Stack Pointer —4 0 1 0) 1 Accumulator A 
8 Stack Pointer -5 (e) 1 (0) 1 Accumulator B 
9 Stack Pointer —6 O 1 O 1 Conditional Code Register 
10 Vector Address FFFA 1 0 1 1 Address of SW! Routine (MSB) 
11 Vector Address FFFB 1 0 1 1 Address of SWI Routine (LSB) 
12 Address of SWI Routine 1 0 1 0 First Op Code of SWI Routine 
SLP 1 Op Code Address + 1 1 fe) 1 1 Next Op Code 
2 FFFF 1 1 1 1 Restart Address (LSB) 
| ne 
i | | 
3 FFFF 1 1 1 Restart Address (LSB) 
4 Op Code Address + 1 1 ¢) 1 Next Op Code 
RELATIVE 
Op Code Address + 1 Branch Offset 
BEQ BGE FFFF Restart Address (LSB) 
BGT BHI | Branch Address First Op Code of Branch Routine 
BLE BLS | Op Code Address+1 Test="0 Next Op Code 
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FFFF 

Stack Pointer 
Stack Pointer — 1 
Branch Address 


Op Code Address + 1 
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First Op Code of Subroutine 








Offset 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
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® WARNING CONCERNING THE BOARD DESIGN OF [20mm mex—e| 
OSCILLATION CIRCUIT Avoid signal lines 
When designing a board, note that crosstalk may disturb the an this area 
normal oscillation if signal lines are placed near the oscillation 
circuit as shown in Figure 26. Place the crystal and Cy as close 
to the HD6303X as possible. 








XTAL 








EXTAL 


HO6303X 





~ ao -- - -—— ~~ 4 ~ Signal line 
wo 2+ ---]----]-- - Signal line 





(DP-64S) 





Do not use this kind of printed-circuit board design. 


Figure 26 Warning concerning board design 
of oscillation circuit (Top View) 


Figure 27 Example of Oscillation Circuits in Board Design 


® RECEIVE MARGIN OF THE SCI Table 17 
Receive margin of the SCI contained in the HD6303X is Bit distortion 









Character 









shown in Table 17. tolerance distortion tolerance 
Note: SCI = Serial Communication Interface (t—to) /to (T—To) /To 
HD6303X +43.7% 
START 1 2 3 4 5 6 7 8 STOP 


tdeal Waveform 


Bit length e-to—>| 
Character length To 
Real Waveform | | | | | | | | 


be 


® WARNING CONCERNING WAI INSTRUCTION bs 

If the HALT signal is accepted by the MCU while the WAI in- a | 
struction is executing, the CPU will not operate correctly after WAI 4 HALT input 
HALT mode is canceled. waiting for 

WAI is a instruction which waits for an interrupt. The cor- interrupt > 





responding interrupt routine is executed after an interrupt interrupt occurs 


occurs. 

However, during the execution of the WAI instruction, 
HALT input makes the CPU malfunction and fetch an abnormal 
interrupt vectoring address. 

In HALT mode, the CPU operates correctly without the WAI 
instruction, and WAI is executed correctly without HALT input. 
Therefore, if HALT input is necessary, make interrupts wait 
during the loop routine, as shown in Figure 28. 


vector fetch for interrupt 


interrupt routine 






wrong vector address 


(LSB) 


op-code fetch 


wrong vector address 
: (MSB) 








Figure 28 MAC function during WAI 
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® WARNING CONCERNING POWER START-UP 

RES must be held low for at least 20 ms when the power 
starts up. In this case, the internal reset function is not effective 
until the oscillation begins at power-on. The RES signal is input 
to the LSI in synchronism with the internal clock ¢ (shown in 
Figure 30.) 

Therefore, after power starts up, the LSI conditions such as 
its I/O ports and operating mode, are unstable. Fix the level of 
1/O ports by means of an external circuit to determine the level 
for system operation during the oscillator stabilization time. 





1) MAL function ii) Recommended method 
Figure 29 Program to wait for interrupt 


@ WRITE-ONLY REGISTER 

When the CPU reads a write-only register, the read data is 
always $FF, regardless of the value in the write-only register. 
Therefore, be careful of the results of instructions which read 
write-only register and perform an arithmetic or logical opera- 
tion on its contents, such as AIM, ADD, or ROL, is executed, 
because the arithmetic or logical operation is always done with ess ts 2 
the data $FF. In particulars, don’t use the AIM, OIM or EIM Figure 30 RES circuit 
instruction to manipulate the DDR bit of PORT. 


internal reset 
signal 
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HD6303Y,HDG6GSAO0S3Y, 
HD63SBOSY,HD63CO3Y 
CMOS MPU (Micro Processing Unit) 


The HD6303Y is a CMOS 8-bit single-chip microprocessing unit 
which contains a CPU compatible with the CMOS 8-bit microcom- HD6303YP,HD63A03YP, 
puter HD6301V, 256 bytes of RAM, 24 parallel I/O pins, Serial HD63BO3YP,HD63CO3YP 
Communication Interface (SCI) and two timers 





FEATURES 
Instruction Set Compatible with the HD6301V1 
256 Bytes of RAM 
24 Parallel 1/O Pins 
Parallel Handshake Interface (Port 6) 
Darlington Transistor Drive (Port 2, 6) 
16-Bit Programmable Timer 
Input Capture Register < 1 
Free Running Counter < 1 


Output Compare Register < 2 (DP-64S) 
@ 8-Bit Reloadabie Timer 
External Event Counter HD6303YF,HD63A03YF, 


Square Wave Generation HD63BO3YF,HD63CO3YF 
@ Serial Communication interface (SCI) | 
Asynchronous Mode (8 Transmit Formats, Hardware Parity) 
Clocked Synchronous Mode 
@ Memory Ready 
3 Kinds of Memory Ready 
@ Halt 
@ Error Detection 
(Address Error, Op-code Error) 
@ interrupt — External 3, Internal 7 
@ Maximum 65k Bytes Address Space 
@ Low Power Dissipation Mode 


Sleep Mode (FP-64) 
Standby Mode (Hardware Standby, Software Standby) 

@ Minimum instruction Execution Time — 0 5yus (f = 2MHz) HD6303YH, HD63A03YH 

© Wide Range of Operation HD63BO3YH, HD63CO3YH 


Vec=3to5.5V  (f=0.1 to 0.5MHz) 
f=0.1 to 1.0MHz : HD6303Y 
Vec=5V+ 10% J f=0.1 to 1.5MHz . HD63A03Y 
f=0.1 to 2.0MHz HD63B03Y 
f=0.1 to 3.0MHz ; HD63CO3Y 


@ PROGRAM DEVELOPMENT SUPPORT TOOLS 





@ Cross assembler and C compiler software for IBM PCs and (FP-64A) 
compatibles 
@ In circuit emulator for use with IBM PCs and compatibles HD6303YCP,HD63A03YCP 


HD63BO3YCP,HD63CO3YCP 





(CP-68) 
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= PIN ARRANGEMENT 


@ HD6303YP, HD63A03YP, HD63B03YP, @ HD6303YF, HD63A03YF, HD63B03YF, 
HD63C03YP HD63C03YF 





(Top View) 


@ HD6303YCP, HD63A03YCP, HD63B03YCP, @ HD6303YH, HD63A03YH, HD63B03YH, 
HD63C03YCP HD63C03YH 


rrprrrrzoTscddcono 
aie @ 8 = COA F F = w w 


>< FP YY 
ees. 2 
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@ BLOCK DIAGRAM 





Vec —o> 
Vss -——e> 
Vss ——e 
P2o(Tin ) . 
P21( Tout: ) is a RD 
P22(SCLK) re) WR 
ML} aw | a R/W 
P23(Rx ) Th sl es 
Poa(Tx ) O a CIR 
Pas(T th BA 
yore, tee 140000 Ia Es 
ee oe “ 
P27(TCLK) Do 
tee 
hd D 
= 1 
P| D2 
wa 
* D3 
a Da 
@ Ds 
@ De 
2 D7 
Ao 
Ai 
en 
a® 
os 
pn 
2 fee} As 
Pso(IRG ) |” caeaeiat Ae 
Psi(IRQ2 ) @ a A? 
Ps2(MR 3 5 
Ps53(HALT) < Q As 
Pss(OS) 832 Ato 
Pse os A 
oma t 
Ps7 
z3 Ai2 
eee) co Ai3 
Peo = As 
Pe: fo a > Ais 
P62 a > 
Pes = © no 
th e|& RAM 
Pés 4 
Pes 256Bytes 
Per | 
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a ABSOLUTE MAXIMUM RATINGS 


Operating Temperature * 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits To assure the normal 
operation, we recommend V,,,, Vou: Vs S& (Vin OF Vout) & Ve: 


@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5.0V + 10%, Vsg = OV, Tg = -20°C ~ + 75°C, unless otherwise noted.) 





Evegs OS ee) 
Input “High” Voltage EXTAL Vin | Vecx0.7 | — | rea W 
NMI, RES, STBY, 2 = 
Input Leakage Current MP,, MP, Vin = 05~Vec— 0.5V pA 
Three State Agp~Aj5, Do~D3, RD, ne oer ee 
Leakage Current WAR , Ports 2,5,6 lies! Vin = 0.6~Vee~ 0.5V wA 
ee low = — 200nA ee ee ee 
Output “High” Voltage Vou 
Darlington Drive ce 
Steoping = 1M) | _- | 15 | 30 | mA 
Sieoping (=2Mn™I"* | _- | 30 | 60 | mA 
Current Dissipation* Sleeping (f=3 MHz) |e 80 mA 
Operating (= 1MHz™) | — | 7.0 | 100 | mA 
ie Operating (f=1.5MHz"*) | — | 105 | 15.0 | mA 
Operating f=3MH2) | _— | 21.0 | 90.0 [mA 


Vig Min = Voc — 1.0V, Vy max = O BV (All output terminals are at no load ) 
** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency So the typ or max values about Current 
Dissipations at X MHz operation are decided according to the following formula 
typ. value (f = X MHz) = typ. value (f = 1MHz) xX X 
max value (f = X MHz) = max. value (f = 1MHz) X X 
(both the sleeping and operating) 
*** SCLK 0.6V (-20°C~0°C) 
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@ AC CHARACTERISTICS (Vcoc = 


5.0V + 10%, Vss = OV, T, = -20 ~ +75°C, unless otherwise noted.) 


BUS TIMING 


Item 


Cycle Time 

Enable Rise Time 

Enable Fall Time 

Enable Pulse Width ‘‘High” Level* 
Enable Pulse Width “Low” Level* 
Address, R/W Delay Time” 
Data Delay Time 

Data Set-up Time 

Address, R/W Hold Time* 
Data Hold Time 

RD, WR Address Hold Time* 
RD, WR Data Hold Time* 
Data Hold Time 

RD, WR Pulse Width* 


Read 


a Delay Time 

LIR Hold Time 

Peripheral Read Access Time 
MR Set-up Time* 

MR Hold Time* 

E Clock Pulse Width at MR 
Processor Control Set-up Time 
Processor Control Rise Time 
Processor Control Fall Time 
BA Delay Time 

Oscillator Stabilization Time 
Reset Pulse Width 


*These timings change in approximate 


Peripheral Port Timing 


Item 


Peripheral Data 
Set Up Time 


Peripheral Data 
Hold Time 


Delay Time (From 
Enable Fall Edge to 
Peripheral Output) 


Input Strobe Pulse Width 


Input Data Hold 
Time 

Input Data Set-Up 
Time 


Output Strobe Delay Time 
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Port 2,5,6 
Port 2,5,6 
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Test HD6301Y0 HD63A01Y0 HD63B01Y0 HD63C01 YO 
te |_| [= | foo | = [re [os [= [io [ome [— [0 [is 
ey EER EERE EEEERE 
Te | p= [=e [|= [= |= f= [t= T= oT 
[aso [= [= [om [= |= [ae | = | = [wo [= [= Tn 
0 eee : 
to P= [= fae [== [ee = co | om [re 
ee ee ee eee 
[tose fe [- [=| |= [=e [= |- |» [-t-Te 
Pe] we ETE ete teeter e 
ce Oe ee [= [me 
we Pe [= [= fe f= [= To f= SESr 
we | Pe [== [oo |= [a To = |= Ts 
tn cars pe f= [=e [= |= [es 
[aso [= [= [ooo | = [= | 0 | = petal : 
ne ea = |= |[«Ts 
| tia _| aE to fo | | | 20 | ns 
== [ae Sita Ea: 
fe [= |=-[« |= [-]e[-[-7s [= [= Te 
Tie | |-|-|-|-{[-|=[-1=|-7 [= |= [em 
[aco | =| = | oo [= T= [oe | = [= [= = 
Twa | ro2 [= [= [oof = [= fo [= cy = [= [a [m 
= [=e [== Te t= EEE: 
[toes [a ae [ao [= | = [a0 | = [= | 200 [= : 
oe eg a ae : 
[== foe [== Pree | = = [eo | = = fo [re 
ee ee SIr: 
we | roe [eo [=f [= [= [| [=| = [re 
fewer | 1 e®t-1-lfs |-|-l*|-{[-l* |-[-l« 


Proportion to toye The figures tn this characteristics represent those when toye S Minimum (= In the highest speed operation) 


oS ae | | [eV || | 
eseeon SeSCRec 


Fig. 5 


ind (op) 
no] 
AT 
” o 
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teem 


TIMER, SCI TIMING 


Test HD6303Y HD63A03Y HD63B03Y HD63CO3Y sje 
Item Symbol ni 


Timer 1 Input Pulse Width 


a 


Cm 
< 
Oo 


Delay Time (Enable Positive 
Transition to Timer Output) 


SCI Input Clock Cycle tseye 
Clock Sync 


SCI Transmit Data Delay Time ‘ 
(Clock Sync Mode) TXD 
SCI Receive Data Set-up Time 

(Clock Sync Mode) 


Fig 4 
SCI Receive Data Hold Time t 400 
(Clock Sync Mode) HRX 
SCI Input Clock Pulse Width | 04 | 
Timer 2 Input Clock Cycle | 20 
Timer 2 Input Clock Pulse Width se | 200 | 

1g 

Timer 1-2, SCI Input 
Clock Rise Time Lokr 
Timer 1-2, SCI input Clock Fall Time cea 


=| 
n 


trop Fig 7,8 


fond ~~ 
2 
QO 


oO 
< 
oO 


= 
7) 


ns 


Nin} o 
Slola 


ns 


ns 


= 

< 
Ss 
an 


~ 
=< 
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tcyc 


Sie 3 
E 


naw a 
R/W 0. BV 
trwo ne PWrw Fs 


0.8V 





a 
S 
| 


cue aT 
Do~D7 0.8V 


tHR 


tacc 








taHi 


taH2 
tHRW 


£O.4V 


tHwe2 
tHw 


MPU Read _ | 2.0V pies | 
DoD fo |B 





LIR 
Figure 1 Bus Timing 
PWemr 

2.4V 

? 0.8V 
> tumR I} tonsp 

MR 2.0V 

Now ssf 

seas tect ——_ tpcy 
Figure 2 Memory Ready and E Clock Timing 
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Last Instruction Instruction Execution 
perccuven kee HALT Cycle | Cycle 





2 4V 


HALT 


BA 


Synchronous Clock 


Transmit Data 


Receive Data 





*2 OV is high level when clock input 
2.4V ts high level when clock output 


Figure 4 SCI Clocked Synchronous Timing 


MPU Write 
MPU Read | 
= 





E 
poke 
ao Pes re) F207 P27 
(Inputs) pp. 2.4V Data Valid 


(Gutputs) 0.8V 


Figure 5 Port Data Set-up and Hold Times (MPU Read) 


Figure 6 Port Data Delay Times (MPU Write) 
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E 
Timer 1 
FRC Mig 
P21, Pas av 
Outputs 0 8V 


Figure 7, Timer 1 Output Timing 


* 


2 OV 


0 8V 
tekr 


** ** 
text 


"Timer 2, ttcyc “Timer 1, tPWT 
SCI . tScyc Timer 2, tPWTCK 
SCl » tPWSCK 


Figure9 Timer 1-2, SCI Input Clock Timing 


MPU access of 
PORT6 


Ss 


E 


Pss 
(OS) 


Figure 11 Output Strobe Timing 


Interrupt 
Test 


E 


Internal 





E 2 4V 
T2CNT N $00 
troop 


P26 24V 
Output 0 8V 
(TCONR=N) 


Figure 8 Timer 2 Output Timing 


Psa(I$) 


PORT6 


Data 
(Input) 





Figure 10 Port 6 Input Latch Timing 


Vec 


Rr=2 2kQ 
Test Point 


182074@ 
C R or Equiv 


C = 9OpF for D>~D,, Ap~Ajg, E 
= 30pF for Port 2, Port 5, Port 6, RD, 
WR, R/W, BA, LI 
R = 12kN 


Figure 12 Bus Timing Test Loads (TTL Load) 


Address: Bus Ct XX XK KKK XK EKFTK KEK) 


Op Code Op Code FrFFF Sp 
NMi, iRGh:. 0 BV Address Address +1 
iRQ2. IRQs 


tecs 


Internal 


: Vector Vector New 
SP-3 SP 4 SP-5§ SP 6 MSB LSB PC 


Address Address Address 


Data Bus 

Oo Operand Irrel PCO~ PC8- IX8- ACCA ACCB CCR_ Vector Vector First inst of 

Code Oe code Date a PES PC15 X15 MSB- LSB esinterrupt Routine 
internal 
Read Ne et ee 
Internal Fe anne ee ae Ee ee Ft 
Write 

Figure 13 Interrupt Sequence 
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Figure 14 Reset Timing 


@ FUNCTIONAL PIN DESCRIPTION 
© Vcc: Vss 

Vcc and Vs provide power to the MPU with 5V+ 10% supply. 
In the case of low speed operation (fmax= 500kHz), the MPU can 
operate with 3 to 5.5 volts. Two Vg pins should be tied to ground. 


@ XTAL, EXTAL 

These two pins interface with an AT-cut parallel resonant crystal. 
Divide-by-four circuit is on chip, so if 4MHz crystal oscillator is 
used, the system clock is 1MHz for example. 

EXTAL pin can be drived by the external clock with 45% to 55% 
duty. The system clock which is one fourth frequency of the exter- 
nal clock is generated in the LSI. The external clock frequency 
should be less than four times of the maximum operating frequen- 
cy. When using the external clock, XTAL pin should be open. Fig. 
15 shows examples of connection circuit. The crystal and C,,, Cy» 
should be mounted as close as possible to XTAL and EXTAL pins. 
Any line must not cross the line between the crystal oscillator and 
XTAL, EXTAL. 


AT Cut Parallel Resonant Crystal Oscillator 


Co=7pF max 
Rs=602 max 
XTAL 
c Cii=Ci2 
= 10pF ~ 22pF + 20% 
EXTAL (3.2 ~8MHz) 
Cr2 = Cu 


a ar 


Figure 15 Connection Circuit 


e STBY 

This pin makes the MPU standby mode. In ‘‘Low’”’ level, the os- 
cillation stops and the internal clock is stabilized to make reset con- 
dition. To retain the contents of RAM at standby mode, ‘‘0”’ 
should be written into RAM enable bit (RAME). RAME is the bit 
6 of the RAM/port 5 control register at $0014. RAM is disabled by 
this operation and its contents is sustained. 

Refer to ‘‘LOW POWER DISSIPATION MODE”’ for the 
standby mode. 


© Reset (RES) 

This pin resets the MPU from power OFF state and provides a 
startup procedure. During power-on, RES pin must be held ‘‘Low” 
level for at least 20ms. 

The CPU registers (accumulator, index register, stack pointer, 
condition code register except for interrupt mask bit), RAM and 
the data register of ports are not initialized during reset, so their 
contents are undefined in this procedure. 

To reset the MPU during operation, RES should be held ‘‘Low”’ 
for at least 3 system-clock cycles. At the 3rd cycle during ‘‘Low”’ 
level, all the address buses become “‘High’’. When RES remains 
‘‘Low’’, the address buses keep ‘‘High’’. If RES becomes ‘“‘High’’, 
the MPU starts the next operation. 

(1) Latch the value of the mode program pins, MP, and MP,. 

(2) Initialize each internal register (Refer to Table 4). 

(3) Set the interrupt mask bit. For the CPU to recognize the 
maskable interrupts IRQ,, IRQ, and IRQ,, this bit should be 
cleared in advance. 

(4) Put the contents (=start address) of the last two addresses 
($FFFE, $FFFF) into the program counter and start the pro- 
gram from this address. (Refer to Table 1). 


@ Enable (E) 

This pin provides a TTL-compatible system clock to external cir- 
cuits. Its frequency is one fourth that of the crystal oscillator or ex- 
ternal clock. This pin can drive one TTL load and 90pF capacitance. 


© Non-Maskable Interrupt (NMI) 
When the falling edge of the input signal is detected at this pin, 
the CPU begins non-maskable interrupt sequence internally. As 
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well as the IRQ mentioned below, the instruction being executed at 
NMI signal detection will proceed to its compeletion. The interrupt 
mask bit of the condition code register doesn’t affect non-maskable 
interrupt at all. 

In response to an NMI interrupt, the contents of the program 
counter, index register, accumulators and condition code register 
will be saved onto the stack. Upon completion of this sequence, a 
vector is fetched from $FFFC and $FFFD to transfer their contents 
into the program counter and branch to the non-maskable interrupt 
service routine. 

(Note) At reset start, the stack pointer should be initialized on 

an appropriate memory area and then the falling edge 
be input to NMI pin. 


© Interrupt Request (RG,, Rd.) 
These are level-sensitive pins which request an internal interrupt 
sequence to the CPU. At interrupt request, the CPU will complete 


Each Status Register’s Interrupt 


Enable Flag 
“4 Enable, “0"’ ; Disable 
oot —— FE 
EH wo 
ORFE z 
Edge 
NMi Detective 
ircuit 
Address Error TRAP 
Op Code Error 
Detective Circurt 
Swi 





the current instruction before the acceptance of the request. Unless 
the interrupt mask in the condition code register is set, the CPU 
Starts an interrupt sequence; if set, the interrupt request will be ig- 
nored. When the sequence starts, the contents of the program 
counter, index register, accumulators and condition code register 
will be saved onto the stack, then the CPU sets the interrupt mask 
bit and will not acknowledge the maskable request. During the last 
cycle, the CPU fetches vectors depicted in Table 1 and transfers 
their contents to the program counter and branches to the service 
routine. ane ae 

The CPU uses the external interrupt pins (IRQ, and IRQ,) also 
as port pins P,, and P,,, so it provides an enable bit to Bit 0 and 1 of 
the RAM port 5 control register at $0014. Refer to ‘‘RAM/PORT 5 
CONTROL REGISTER’”’ for the details. 

When one of the internal interrupts, ICI, OCI, TOI, CMI or SIO 
is generated, the CPU produces internal interrupt signal (IRQ,). 
IRQ, functions just the same as IRQ, or IRQ, except for its vector 
address. Fig. 16 shows the block diagram of the interrupt circuit. 


Condition 
Code 
Register 


Interrupt 


D Request 


Signal 


Sleep 
Cancel 
Signal 


Figure 16 Interrupt Circuit Block Diagram 
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Table 1 Interrupt Vector Memory Map 


Vector 


Priority r MSB Interrupt 
LSB 
/FFEE |FFEF | TRAP 
FFFC |FFFD | NMI 
SWI 
PEPE: (ene (Software Interrupt) 


|FFF8 =| FFFO TRO,, ISF (port 6 Input Strobe) 


jrrre | Fer7 mien input Capture) 

ae 1 Output Compare 1, 2) 
ras 1 Overflow) 

ae 2 Counter Match) 


[rex_[ Free _[R, 


SiO 
Lowest Frro | FFF A (RORF+ ORFE+ TDRE+PER) 


@ Mode Program (MPp», MP,) 
Set MP, ‘‘High’’ and MP, ‘‘Low”’ 


® Read/Write (R/W) 

This signal, usually be in read state (‘‘High’’), shows whether 
the CPU is in read (‘‘High’’) or write (‘‘Low’’) state to the periph- 
eral or memory devices. This can drive one TTL load and 30pF ca- 
pacitance. 


e RD, WR 

These signals show active low outputs when the CPU is reading/ 
writing to the peripherals or memories. This enables the CPU easy 
to access the peripheral LSI with RD and WR input pins. These pins 
can drive one TTL load and 30pF capacitance. 


© Load Instruction Register (LIR) 
This signal shows the instruction opecode being on data bus 
(active low). This pin can drive one TTL load and 30pF capacitance. 


@ Memory Ready (MR; P,>) 

This is the input control signal which stretches the system 
clock’s ‘‘High’’ period to access low-speed memories. HD6303Y 
can select three kinds of low-speed memory access method by 
RAM /Port 5 Control Register’s MRE bit and AMRE bit. In the 
case that CPU accesses low-speed memories by the external MR 
signal (MRE=‘‘1’’, AMRE=‘“‘0’’), the system clock operates in 
normal sequence when this signal is in ‘“‘High’’. 

But this signal in ‘‘Low’’, the ‘‘High’’ period of the system clock 
will be stretched depending on its ‘‘Low”™ level duration tn integral 
multiples of the cycle time. This allows the CPU to interface with 
low-speed memories (See Fig. 2). Up to 9us can be stretched. 

During internal address space access or nonvalid memory ac- 
cess, MR is prohibited internally to prevent decrease of operation 
speed. Even in the halt state, MR can also stretch ‘“‘High”’ period of 
system clock to allow peripheral devices to access low-speed memo- 


ries. Refer to ‘SRAM/PORT 5 CONTROL REGISTER”’ for more 
details. 


© Halt (HALT; P.3) 

This ts an input control signal to stop instruction execution and 
to release buses. When this signal switches to ‘‘Low’’, the CPU 
stops to enter into the halt state after having executed the present 
instruction. When entering into the halt state, it makes BA “High” 
and also an address bus, data bus, RD, WR, R/W high impedance. 
When an interrupt is generated in the halt state, the CPU uses the 
interrupt handler after the halt is cancelled. When halted during the 
sleep state, the CPU keeps the sleep state, while BA is ‘‘High’’ and 
releases the buses. Then the CPU returns to the previous sleep 
State when the HALT signal becomes ‘‘High’’. 

(Note) Please don’t switch the HALT signal to ‘‘Low” when 
the CPU executes the WAI instruction and is in the in- 
terrupt wait state to avoid the trouble of the CPU’s op- 
eration after the halt is cancelled. 





@ Bus Available (BA) 

This is an output control signal which is normally ‘‘Low’’ but 
‘‘High’’ when the CPU accepts HALT and releases the buses. The’ 
HD6800 and HD6802 make BA ‘‘High”’ and release the buses at 
WAI execution, while the HD6303Y doesn’t make BA ‘‘High”’ 
under the same condition. 


a PORT 

The HD6303Y provides three 8-bit 1/O ports. Each port pro- 
vides Data Direction Register (DDR) which controls the I/O state 
by the bit. 


Table 2 Port and Data Direction Register Address 


Port Address 
$0003 
$0015 
$0017 


Data Direction Register 





@ Port 2 

An 8-bit I/O port. Port 2 DDR (P2DDR) controls the I/O state. 
This port provides DDR corresponding to each bit and can define 
input or output by the bit (‘‘0”’ for input, ‘‘1”’ for output). 

As Port 2 DDR is cleared during reset, it will be an input port. 

Port 2 is also used as an I/O pin for timer 1, Timer 2 and the SCI. 
Pins for Timers and the SCI set or reset each DDR depending on 
their functions and become I/O pins. When port 2 functions as an I/ 
O port after used as I/O pins of the timers or the SCI, the I/O direc- 
tion of the pins remain as it is used as the I/O pin of timer and SCI. 

Port 2 can drive one TTL load and 30pF capacitance. This port 
can produce ImA when V,,,,=1.5V to drive directly the base of 
Darlington transistor. 


Poo (Tin) 

P,, is also used as an external input pin for the input-capture. 
This pin 1s an I/O port which is an input or output as defined by the 
Data Direction Register (P,, DDR) (‘‘0” for an input and ‘‘1”’ for 
an output) Then either a signal to or from P,, (‘‘to”’ for an output 
port, ‘‘from”’ for an input port) is always input to the Timer 1 input 
capture. 
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RES 


a oon 
a ret 


P2, (Tout 1), Pog (Tx), Pog (Tout 2), Pog (Tout 3) have a register which enables output. By setting these registers, 
These four pins can be also used as output pins for Timer 1, they automatically will be output pins of timer or the SCI. 
Timer 2 and a transmit output of the SCI. Timer 1, and the SCI 











internal Data Bus 








WP2D DDR Write Signal 
WP2 Port Write Signal 
RP2 Port Read Signal 


Timer 1 
Input Capture Input 






Timer 1, Timer 2 and SCI 


Internal Data Bus 





Q D} 
Pan ee 


Output Data 
Output Enable Signal 
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P.. (SCLK) ble as an I/O port when the SCI has no clock input or output (as an 
P,, is also used as a clock I/O pin for the SCI. It is selected as a output port if P,, DDR=1, as an input port if P,, DDR=0). 
clock input or output pin by the operating mode of the SCI. It is usa- 


oe 
Q 


RES 





Ri 









R2 
D 






Internal Data Bus 






Clock Input Enable signal 


Output Clock 
Clock Output Enable signal 





Input Clock 
Pog (Rx), Paz (TCLK) Since the SCI will be a clocked synchronous mode by an external 
P,, and P,, are also used as received data input pins for the SCI clock-input during reset, the DDR of P., is cleared automatically 
and external clock input pins for Timer 2. The SCI and Timer 2 and P,, is an input port. Set the SCI toa mode where P,, is not used 
have registers which enable input. If the registers are set, the DDR (CCO or CC] of the RMC Register is ‘‘0” or ‘‘1’’ respectively) and 


(P.3DDR, P,,DDR) are cleared and P,3 and P, will be input write “1” to the P,, DDR to make P,, an output port 
pins for Rx and TCLK 


RES 


Internal Data Bus 






| Pan DATA 





C t 
| 
Input Enable signal 
SCI Receive Data, 
“a _— 
MSB LSB 


Poy | Pag | Pas | Pas | Pos | Po2 | Par | Pao} PORT2 DDR ($0001) 

DDR | DDR | DDR | DDR} DDR| DDR| DDR] DDR] (rite only, $00 
during reset } 
PORT2 ($0003) 

P27 Poo | (R/W, not ini- 
tralized during 


reset } 
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@ Port 5 

An &bit I/O port. The DDR of port 5 controls I/O state. Each bit 
of port 5 has a DDR which defines I/O state (‘‘0”’ for input and ‘‘1”’ 
for output). 

During reset, the DDR of port 5 is cleared and port 5 becomes 
an input port. 

Port 5 is also usable as IRQ,, IRQ., HALT, MR and the strobed 
signal of port 6 for handshake (IS, OS). It is set to input or output 
automatically if it is used as these control signal pins (except P,,, 
TS). Since the DDR of port 5, as is port 2, is set or reset by the con- 
trol signal, I/O directions of the I/O ports are retained after the con- 
trol signal is disabled. Port 5 can drive one TTL load and 90pF ca- 
pacitance. 










* Initializing value during reset; 


= OAT 


Peo (IRQ,). Pg, (IRO.) 

Pro and P,, are also usable as interrupt pins. The RAM/port 5 
control registers of IRQ, and IRQ, have enable bits (IQIE, IQ2E). 
When these bits are set to “‘1”’, P,, and P,, will automatically be in- 
terrupt input pins. 


P52 (MR), P,3 (HALT) 
P,. and P,, are also usable as MR and HALT inputs. MR and 
ri have enable bits (MRE, HLTE) in the RAM/Port 5 Control 
Register as IRQ, and IRQ,. Since MRE is cleared during reset, P,, is 
usable as an I/O port, and HLTE is set during reset, the DDR of P,, 





will be automatically reset to be a HALT input pin. HLTE of the 
RAM /Port 5 Control Register has to be cleared to use P,, as an I/O 
port. 


WP5D_ DDR Write signal 
WP5_ Port Write signal 
RP5 Port Read signal 






internal Data Bus 





IRQIE= “0”, IRQ2E = “0”, MRE = “0”, HLTE = “1” 


P,, (1S) 
P,, is also usable as the input strobe (IS) for port 6 handshake 
interface. This pin, as is P,,, is always an I/O port. If P,, ts used as an 


RES 






a oon 


oATA 


output port (set the DDR of P,, to ‘‘1’’), an output signal from P,, 
will be the input to IS. 


Internal Data Bus 


Port 6 Control Status Register 
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P55 (0S) by setting the OS enable register (OSE) of the port 6 Control Status 
P,, is also usable as the output strobe (OS) for port 6 handshake Register (P6CSR). 
interface. It will be an I/O port during reset, and an OS output pin 
RES 


nate : - 

oe bara 
e 
{\ 












Internal Data Bus 





Fort 6 Control/Status Register 


OS 
OSE (; OS output 
O OS output diesble) 


Pag. P57 
P,, and P,, are I/O ports. 





internal Data Bus 


LSB 


ae Pse | Pss | Psa | Psa | Ps2 | Ps1| Pso ee 
DDR | DDR | DDR | ODR| DDR | DDR] DDR] DDR] guring reset) 


PORTS ($0015) 
P57 (R/W, not int- 
tralized during 


reset } 
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@ Port 6 

8-bit I/O port. Port 6 DDR controls I/O state. Each bit of port 6 
has a DDR and designates input or output (‘‘0” for input, ‘‘1”’ for 
output). During reset, Port 6 DDR is cleared and port 6 becomes an 
input port. 






MSB 


Port 6 controls parallel handshake interface besides functions as 
an I/O port. Therefore, it provides DDRs to control and IS LATCH 
to latch the input data. 

Port 6 can drive one TTL load and 30pF capacitance. It can drive 
directly the base of Darlington transistor as port 2. 


Internal Data Bus 


WP6D_ DDR Write signal 
WP6_ Port Write signal 
RP6 Port Read signal 


Port 6 
Control Status Register 


LSB 


Per | Pes | Pes | Pes | Pes | Per | Per | Peo Lore 
DOR | DDR | DOR | DDR | DDR | DOR} ODOR] DOR during sesat’ 


PORTE ($0017) 


‘ p (R/W, not int- 
67 64 tralized during 
reset ) 


a BUS 
@ Address Bus (Ao = Ais) 

Address Bus (A, ~ A,,) is used for addressing the memory and 
peripheral LSI. 

This bus can interface with the bus of HMCS 6800 and drive one 
TTL load ai.d 90pF capacitance. 


@® Data Bus (Do = D,) 

8-bit parallel data bus for data transmit between the memory or 
peripheral LSI. This bus can drive one TTL load and 90pF capaci- 
tance. 


@ RAM/PORT 5 CONTROL REGISTER 


The control register located at $0014 controls on-chip RAM and 
port 5S. 


RAM/Port 5 Control Register (RP5CR) 


7 6 5 4 3 2 1 () 
STBY STBY} 
Bit 0, Bit 1 1RQ,, IRQ, Enable Bit (IRQ,E, IRQO2ZE) 


When using P,, and P,, as interrupt pins, write ‘‘1”’ in these bits. 
When the bit is set to ‘‘1’’, the DDRs corresponding to Ps) and 


P,, are cleared and become IRQ, input pin and IRQ, input pin. 
When IRQ,E and IRQ.E are set, P,, and P,, cannot be used as an 
output ports. When ‘‘0’’, the CPU doesn’t accept an external inter- 
rupt or a sleep cancellation by the external interrupt. These bits are 
cleared during reset. 


Bit 2 Memory Ready Enable Bit (MRE) 

When using P,, as an input pin of the ‘“memory ready”’ signal, 
write ‘*1” in this bit When set, P,, DDR is automatically cleared 
and becomes the MR input pin. The bit is cleared during reset. 


Bit 3 Halt Enable Bit (HLTE) 

When using P,, as an input pin of the HALT signal, write ‘*1”’ in 
this bit. When this bit is set, P,, DDR is automatically cleared and 
becomes the Halt input pin. If the bit is ‘‘0’’, the Halt function is 
inhibited and P,, is used as an I/O port. The bit is set to “‘1”’ during 
reset. 


Bit 4 Auto Memory Ready Enable Bit (AMRE) 

When the bit is set and the CPU accesses the external address, 
‘‘memory ready’’ operates automatically and stretches the E clock’s 
“High” duration for one system clock. When MRE bit of bit 2 is 
cleared and when the CPU accesses the external address space, the 
function operates. When MRE bit is set and then the CPU accesses 
the external address space with P,.(MR) pin in ‘‘low’’, ‘‘memory 
ready”’ operates automatically. This bit is set to ‘‘1’’ during reset. 
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Table 3 ‘‘Memory Ready” Function 


MRE AMRE 
“Memory ready” inhibited. 


o 


Function 


When the CPU accesses the external address, “‘High”’ duration of E clock automatically becomes one-cycle 
longer This state ts retained during reset 


1 ‘Memory ready” operates by Ps» (MR) pin The function is the same as that of the HD6301X0 


When the CPU accesses the external address space with the Ps. (MR) pin in “low”, the ‘auto memory 
1 ready” operates This function Is effective if it has both ‘high-speed memory” and ‘‘slow memory” 
outside Input CS signal of ‘slow memory” to MR pin 


Bit 5 Standby Flag (STBY FLAG) 

By clearing this flag, HD6303Y gets into the standby mode by 
software. This flag is set to ‘‘1”’ during reset, so the standby mode ts 
canceled with RES pin in ‘‘low’’ The RES pin should be in ‘‘low”’ 
until oscillation becomes stable (min 20ms.). If the STBY pin in ts 
in ‘‘low’’, the standby mode can not be canceled with the RES pin 
in ‘‘low”’. 

Bit 6 RAM Enable (RAME) 


On-chip RAM can be disabled by this control bit By resetting 
the MPU, ‘‘1”’ is set to this bit, and on-chip RAM ts enabled When 


(a) MRE=0, AMRE=1 
E aa til 


Address 


this bit is cleared (=logic ‘‘0’’) on-chip RAM is invalid and the 
CPU can read data from external memory. This bit should be ‘‘0”’ 
before getting into the standby mode to protect on-chip RAM data. 


Bit 7 Standby Power Bit (STBY PWR) 

When Vcc is not provided in standby mode, this bit 1s cleared 
This 1s a flag for read/write and can be read by software. If this bit is 
set before standyby mode, and remains set even after returning 
from standby mode, Vcc voltage is provided during standby mode 
and the on-chip RAM data is valid. 


H ‘ 
axed 


interns! external address sternal external address internal address 
uS . ” 


(b) MRE=1, AMRE=1 


E H 
ee 
Bus address. address 





external address 


externa 
address external address 


ee eee 


(cS pin of ‘‘slow memory”) 


(c) MRE=1,AMRE=0 (HD6301X0O Compatible Mode) 


E 
‘pus XK meee XSite X_ 
Bus address addre ; 

MR 





internal 
c ternae 


Figure 17 Memory Ready Timing 


m Port 6 Control/Status Register 
This is the Control/Status Register for parallel handshake inter- 
face using Port 6. The functions are as follows, 
1) Latches input data to Port 6 at the IS (P,,) falling edge 
2) Outputs a strobe signal OS (P,,) outward by reading or writ- 
ing to port 6. _ 
3) When IS FLAG is set at the IS falling edge, an interrupt oc- 
curs. 


The following shows Port 6 Control/Status Register (P6CSR). 


7 6 0 


5 4 3 2 1 
\S° IS IRQ LATCH 
So] Sem [ow |oss] BS] -]-]-] 


*Bit 7 is Read-Only bit 
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Bit 1 Not used. 


Bit 3: Latch Enable 

This register controls the input latch for Port 6 (ISLATCH). 
When this bit is set to ‘‘1”’, the input data to port 6 will be latched 
inward at the IS (P,,) falling edge. An input latch will be canceled by 
reading Port 6, which enables to latch the next data. If cleared, the 
input latch remains canceled and this bit functions as a usual input 
port. This bit is cleared during reset. 


Bit 4: OSS Output Strobe Select = 

This register initiates an output strobe (OS) from P,, by reading 
or writing to port 6. When cleared, OS occurs by reading Port 6. 
When set, OS occurs by writing to Port 6. This bit is cleared during 


reset. 


Bit 5: OSE Output Strobe Enable 
This register decides the enabling or disabling of the output 


HD6303Y 









strobe. When cleared, P,, functions as an I/O port. When set, P,, 
functions as an OS output pin. (P,, DDR is set by OSE.) This bit is 
cleared during reset. 


Bit 6: IS IRQ, Enable Input Strobe Interrupt Enable 

When set, an IRQ, interrupt to the CPU occurs by setting IS 
FLAG of bit 7. When cleared, the interrupt does not occur. This bit 
is cleared during reset. 


Bit 7: 1S Flag Input Strobe Flag 

This flag is set at the IS (P,,) falling edge. This flag is for read- 
only. When set, the flag is cleared by reading or writing to Port 6 
after reading the Port 6 Control Status Register. This bit is cleared 
during reset. 


m@ MEMORY MAP 

The MPU can address up to 65k bytes. Memory map is shown in 
Fig. 20. 40 addresses ($0000 ~ $0027 except $00, $02, $04, $05, 
$06, $07, $18) are the internal registers as shown in Table 4. 


Port 6 Control/Status Register 


Figure 18 !nput Strobe Interrupt block Diagram 


Terme? 
sc: 


PORT j 
2 


PORT 5 
nm, 2 
wan ca 
1 OF 





48ga 


Address Bus 


Figure 19 HD6303Y Operating Function 
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Table 4 Internal Register 


= see 
uring reset 





00° Port 1 DDR (Data Direction Register) $FE 

O01 Port 2 DDR $00 

02° Port 1 indefinite 
03 Port 2 indefinite 
04° Port 3 DDR $FE 

05° Port 4 DDR $00 

06° Port 3 indefinite 
07° Port 4 indefinite 
08 Timer Control/Status Register 1 $00 

09 Free Running Counter (MSB) $00 

OA Free Running Counter (LSB) $00 

0B Output Compare Register 1 (MSB) $FF 

oc Output Compare Register 1 (LSB) $FF 

OD Input Capture Register (MSB) $00 

OE Input Capture Register (LSB) $00 

OF Timer Control/Status Register 2 $10 

10 Rate/Mode Control Register $CO 

11 Tx/Rx Control Status Register 1 $20 

12 Receive Data Register $00 

13 Transmit Data Register indefinite 
14 RAM/Port 5 Control Register $F8 or $78 
15 Port 5 indefinite 
16 Port 6 DDR $00 

17 Port 6 indefinite 
18 Port 7 indefinite 
19 Output Compare Register 2 (MSB) $FF 

1A Output Compare Register 2 (LSB) SFF 

1B Timer Control/Status Register 3 $20 

1C Time Constant Register $FF 

1D Timer 2 Up Counter $00 

1E Tx/Rx Control Status Register 2 $28 

1 a Test Register” - 

20 PORT 5 DDR $00 

21 PORT 6 Control/Status Register $07 

22 — _ 

23 — _ 

oe _ Reserved = 

26 —_ - 

27 — _ 





* External address 
** R Read-only register, W Write-only register, R/W Read/Write register 
When empty bit ts in the register, it is set to 1” 
Register for test Don't access this register 
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$0000 
Internal * 
$0027 Register 
External Memory 
$0040 
Internal RAM 
256 Bytes 
$013F 
External 
Memory 
Space 
$FFFF 





*This mode does not 
include the addresses. 
$00, $02, $04, $05, 
$06, $07 or $18 which 
can be used externally. 


Figure 20 HD6303Y Memory Map 


m TIMER 1 
The HD6303Y provides a 16-bit programmable timer which can 
simultaneously measure an input waveform and generate two inde- 
pendent output waveforms. The pulse widths of both input/output 
waveforms vary from microseconds to seconds. 
Timer | is configured as follows (refer to Fig. 22). 
- Control/Status Register 1 (8 bit) 
Control/Status Register 2 (7 bit) 
Free Running Counter (16 bit) 
Output Compare Register 1 (16 bit) 
Output Compare Register 2 (16 bit) 
Input Capture Register (16 bit) 


@ Free-Running Counter (FRC)($0009:000A) 

The key timer element is a 16-bit free-running counter driven 
and incremented by system clock The counter value is readable by 
software without affecting the counter. The counter is cleared dur- 
ing reset. 

When writing to the upper byte ($09), the CPU writes the preset 
value ($FFF8) into the counter (address $09, $0A) regardless of 
the write data value. But when writing to the lower byte ($0A) after 
the upper byte writing, the CPU writes not only lower byte data into 
lower 8 bit, but also upper byte data into higher 8 bit of the FRC. 

The counter will be as follows when the CPU writes to it by dou- 
ble store instructions (STD, STX, etc.) 


$09 Write SOA Write 
Counter value | $FFF8  $5AF3 
in the case of the CPU write ($5AF3) to the FRC 









Figure 21 Counter Write Timing 


© Output Compare Register (OCR) 

($000B, $000C; OCR1) ($0019, $001A: OCR2) 

The output compare register is a 16-bit read/write register which 
can control an output waveform. The data of OCR is always com- 
pared with the FRC. 

When the data matches, output compare flag (OCF) in the timer 
control/status register (TCSR) is set. If an output enable bit (OE) in 
the TCSR2 is ‘‘1”’, an output level bit(OLVL) in the TCSR will be 
output to bit 1 (OCR 1) and bit 5 (OCR 2) of port 2. To control the 
output level again by the next compare, the value of OCR and 
OLVL should be changed. The OCR is set to $FFFF at reset. The 
compare function is inhibited for a cycle just after a write to the up- 
per byte of the OCR or FRC. This is to set the 16-bit value valid in 
the counter register for compare. In addition, it is because counter 
is to set $FFF8 at the next cycle of the CPU’s upper byte write to 
the FRC. 

* For data write to the FRC or the OCR, 2-byte transfer in- 

struction (such as STX, etc.) should be used. 


@ Input Capture Register (ICR) ($000D : OOOE) 

The input capture register is a 16-bit read-only register which 
stores the FRC’s value when external input signal transition gener- 
ates an input capture pulse. Such transition is controled by input 
edge bit (IEDG) in the TCSR]1. 

In order to input the external input signal to the edge detector, a 
bit of the DDR corresponding to bit 0 of port 2 should be cleared 
(‘‘0’?). When an input capture pulse occurs by external input signal 
transition at the next cycle of CPU’s high-byte read of the ICR, the 
input capture pulse will be delayed by one cycle. In order to ensure 
the input capture operation, a CPU read of the ICR needs 2-byte 
transfer instruction. The input pulse width should be at least 2 sys- 
tem cycles. This register is cleared ($0000) during reset. 


© Timer Control/Status Register 1 (TCSR1) ($0008) 

The timer control/status register 1 is an 8-bit register. All bits are 
readable and the lower 5 bits are also writable. The upper 3 bits are 
read-only which indicate the following timer status. 

Bit 5 The counter value reached to $0000 as a result of coun- 
ting-up (TOF). 

Bit 6 A match has occurred between the FRC and the OCR 1 
(OCF1). 

Bit 7 Defined transition of the timer input signal causes the 
counter to transfer its data to the ICR (ICF). 

The followings are the each bit descriptions. 


Timer Control/Status Register 1 


7. 6 5 4 3 2.1 0 
ICF | OCF1 


Bit O OLVL1 Output Level 1 
OLVL1 is transferred to port 2, bit 1 when a match occurs be- 
tween the counter and the OCR1. If bit 0 of the TCSR2 (OE1), 
is set to “‘1"’, OLVLI will appear at bit 1 of port 2. 
Bit 1 1EDG Input Edge 
This bit determines which edge, rising or falling, of input sig- 
nal of bit 0 of port 2 will trigger data transfer from the counter to 
the ICR For this function, the DDR corresponding to port 2, bit 
0 should be cleared beforehand. 
IEDG=0, triggered on a falling edge 
(‘“‘High”’ to ‘‘Low’’) 
IEDG= 1, triggered on a rising edge 
(‘‘Low”’ to ‘‘High’’) 





$0008 





Bit 2 ETO! Enable Timer Overflow Interrupt 
When this bit is set, an internal interrupt (IRQ,) by TOI inter- 
rupt is enabled. When cleared, the interrupt is inhibited. 
Bit 3 EOCI!1 Enable Output Compare interrupt 1 
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When this bit is set, an internal interrupt (IRQ,) by OCI in- 
terrupt is enabled. When cleared, the interrupt is inhibited. 
Bit 4 EICI Enable Input Capture Interrupt 
When this bit is set, an internal interrupt (IRQ,) by ICI inter- 
rupt is enabled. When cleared, the interrupt is inhibited 
BitS TOF Timer Overfiow Fiag 
This read-only bit is set when the counter increments from 
$FFFF by 1. Cleared when the counter’s MSB byte ($0009) 1s 
read by the CPU after the TCSR1 read at TOF= 1. 
Bit6 OCF1 Output Compare Flag 1 
This read-only bit is set when a match occurs between the 
OCR] and the FRC. Cleared when writing to the OCR1 ($000B 
or $000C) after the TCSR1 or TCSR2 read at OCF= 1 
Bit 7 ICF Input Capture Flag 
This read-only bit 1s set when an input signal of port 2, bit 0 
makes a transition as defined by IEDG and the FRC is transfer- 
red to the ICR. Cleared when reading the upper byte ($000D) of 
the ICR after the TCSR1 or TCSR2 read at ICF=1. 


© Timer Control/Status Register 2 (TCSR2) ($OO00F) 

The timer control/status register 2 is a 7-bit register. All bits are 
readable and the lower 4 bits are also writable But the upper 3 bits 
are read-only which indicate the following timer status. 

Bit 5 A match has occurred between the FRC and the OCR2 
(OCF2). 
Bit 6 


Timer Control/Status Register 2 


7 6 5 4 3 2 1 0 
OCF2 ey EOCI2(OLVL2 oe eet $O00F 


Bit 7 The same status flag as the ICF flag of the TCSR1, bit 7 
The foliowings are the each bit descriptions 
Bit O OE1 Output Enable 1 
This bit enables the OLVL1 to appear at port 2, bit 1 when a 
match has occurred between the counter and the output com- 
pare register 1 When this bit is cleared, bit 1 of port 2 will be an 
I/O port When set, it will be an output of OLVL1 automatically 
Bit 1 OE2 Output Enable 2 
This bit enables the OLVL2 to appear at port 2, bit 5 when a 
match has occurred between the counter and the output com- 
pare register 2 When this bit 1s cleared, port 2, bit 5 will be an I/ 
O port. When set, it will be an output of OLVL2 automatically. 
Bit 2 OLVL2 Output Level 2 
OLVL2 1s transferred to port 2, bit 5 when a match has occur- 
red between the counter and the OCR2 If bit 5 of the TCSR2 
(OE2), is set to ‘‘1’’, OLVL2 will appear at port 2, bit 5. 
Bit 3 EOCI2 Enable Output Compare Interrupt 2 
When this bit is set, an internal interrupt (IRQ,) by OCI2 in- 
terrupt is enabled. When cleared, the interrupt is inhibited 
Bit 4 Not used 
Bit 5 OCF2 Output Compare Flag 2 
This read-only bit is set when a match has occurred between 
the counter and the OCR2 Cleared when writing to the OCR2 
($0019 or $001A) after the TCSR2 read at OCF2= 1 
Bit 6 OCF1 Output Compare Fiag 1 
Bit 7 ICF Input Capture Flag 
OCF 1 and ICF are dual addressed If which register, TCSR1 
or TCSR2, CPU reads, it can read OCF1 and ICF to bit 6 and bit 
7. 
Both the TCSR1 and TCSR2 will be cleared during reset. 
(Note) If OE] or OE2 is set to ‘‘]”’ before the first output com- 
pare match occurs after reset restart, bit 1 or bit 5 of port 2 
will produce ‘‘0”” respectively. 


HD6303', Internat Oata Bus 


Output Compare 
Register 1 


1RQ3 





$09, $OA 


Figure 22 Timer 1 Block Diagram 
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a TIMER 2 
In addition to the timer 1, the HD6303Y provides an 8-bit re- 
loadable timer, which is capable of counting the external event. The 
timer 2 contains a timer output, so the MPU can generate three in- 
dependent waveforms. (Refer to Fig. 23.) 
The timer 2 is configured as follows: 
Control/Status Register 3 (7 bits) 
8-bit Up Counter 
Time Constant Register (8 bits) 


© Timer 2 Up Counter (T2ZCNT) ($001D) 

This is an 8-bit up counter which operates with the clock decided 
by CKSO and CKS1! of the TCSR3. The CPU can read the value of 
the counter without affecting the counter. In addition, any value 
can be written to the counter by software even during counting. 

The counter is cleared when a match occurs between the counter 
and the TCONR or during reset. 

If the write operation is made by software to the counter at the 
cycle of counter clear, it does not reset the counter but put the write 
data to the counter. 


@ Time Constant Register (TCONR) ($001C) 

The time constant register is an 8-bit write only register. The 
data of register is always compared with the counter. 

When a match has occurred, the counter match flag (CMF) of 
the timer control status register 3 (TCSR3) is set and the value 


selected by TOSO and TOS! of the TCSR3 will appear at port 2, bit 
6. When CMF is set, the counter will be cleared simultaneously and 
then start counting from $00. This enables regular interrupts and 
waveform outputs without any software support. The TCONR is set 
to ‘“‘$SFF”’ during reset. 


®@ Timer Control/Status Register 3 (TCSR3) ($001B) 

The timer control/status register 3 is a 7-bit register. All bits are 
readable and 6 bits except for CMF can be written. 

The followings are each pin descriptions. 


Timer Control/Status Register 3 


7 6 5 4 3 2 1 ¢) 
ECMI ai TOS 1| TOSO/CKS1}] CKSO} $001B 


BitO CKSO Input Clock Select 0 
Bit 1 CKS1 Input Clock Select 1 
Input clock to the counter is selected as shown in Table 5 de- 
pending on these two bits. When an external clock is selected, 
bit 7 of port 2 will be a clock input automatically. Timer 2 detects 
the rising edge of the external clock and increments the counter. 
The external clock is countable up to half the frequency of the 
system clock. 


HD6303Y Internal Data Bus 






| Time 
Constant | 
Register 


Lis 





Counter Reset 


IRQ3 on i 


| 
Timer2 pes input ! 
Up Counter @ Clock Port 2 
Select _ Bit 7 






Timerl FRC 
\ 


—wew ew Bw ewe we eM Hw ew eM ew ew ww ew ee 


Bit 6 


> Port2 


Figure 23 Timer 2 Block Diagram 
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Table 5 Input Clock Select 


CKS1 input Clock to the Counter 
0 bree Oe E clock 
0 a ie E clock/8° 
1 | 0) | Eclock/128° 
1 a External clock 


* These clocks come from the FRC of the timer 1 If one of these clocks is 
selected as an input clock to the up counter, the CPU should not write to 
the FRC of the tirner 1 


Bit 2 TOSO Timer Output Select 0 
Bit 3 TOS1 Timer Output Select 1 
When a match occurs between the counter and the TCONR 
timer 2 outputs shown in Table 6 will appear at port 2, bit 6 de- 
pending on these two bits. When both TOSO and TOS] are ‘‘0”’, 
bit 6 of port 2 will be an I/O port. 


Table 6 Timer 2 Output Select 


TOSs1 Timer Output 
0 | 0 | Timer Output Inhibited 
O fF | Toggle Output’ 
1 [0 | Output “0” 
1 ae Output 1” 


* When a match occurs between the counter and the TCONR, timer 2 
output level is reversed This leads to production of a square wave with 
50% duty to the external without any software support 


Bit 4 T2E Timer 2 Enable Bit 
When this bit is cleared, a clock input to the up counter is 
inhibited and the up counter stops When set to ‘‘1’’, a clock 







MSB 


Parity Check 
| enn 


HO6303Y INTERNAL DATA BUS 


PP ET df LL baleeefessfecol ssn} soo 
Pe | a Transmit Shift Register 


selected by CKS1 and CKSO (Table 5) 1s input to the up counter. 
(Note) P,, outputs ‘‘0’’ when T2E bit cleared and timer 2 set in 
output enable condition by TOS1 or TOSO. It also outputs 
‘0’ when T2E bit set ‘‘1”’ and timer 2 set in output ena- 
ble condition before the first counter match occurs. 
Bit 5 Not Used. 
Bit 6 ECMI Enable Counter Match interrupt 
When this bit is set, an internal interrupt (IRQ,) by CMI is 
enabled. When cleared, the interrupt is inhibited. 
Bit 7 CME Counter Match Flag 
This read-only bit is set when a match occurs between the up 
counter and the TCONR. Cleared by writing ‘‘0’’ at CMF=1 by 
software (unable to write ‘‘1’’ by software). 
Each bit of the TCSR3 is cleared during reset. 


ge SERIAL COMMUNICATION INTERFACE (SCI) 

The Serial Communication Interface (SCI) in the HD6303Y 
contains the following two operating modes: asynchronous mode by 
the NRZ format, and clocked synchronous mode which transfers 
data synchronously with the clock. In the asynchronous mode, data 
length, parity bits and number of stop bits can be selected, and eight 
transfer formats are provided. 

The SCI consists of the following registers as shown in Fig. 24 
Bleck Diagram. 

Transmit/Receive Control Status Register 1 (TRCSR1) 
Rate/Mode Control Register (RMCR) 
Transmit/Receive Control Status Register 2 (TRCSR2) 
Receive Data Register (RDR) 

Recevie Shift Register 

Transmit Data Register (TDR) 

Transmit Shift Register 

To operate the SCI, initialize the RMCR and TRCSR2, after 
selecting the desirable operating mode and transfer format. Next, 
set the enable bit (TE or RE) of the TRCSR1. Operating mode and 
transfer format should be changed when the enable bit (TE, RE) is 
cleared. When setting the TE or RE again after changing the operat- 
ing mode or transfer format, interval of more than a 1-bit cycle of 
the baud rate or bit rate 1s necessary. If a 1-bit cycle or more is not 
allowed, the SCI block may not be initialized. 


TRCSR2 


' 

{ 

t 
a 14 TRCSR1 
ea [oe [oe] fo 


Sees! 


ee ee ee -——— 







RMCR 


Timer 1 FRC 


Bit Rate 
Generator 
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Pat Figure 24 SCI Block Diagram 
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@ Asynchronous Mode 

Asynchronous mode contains 8 transfer formats as shown in 
Fig. 25. 

Data transmission is enabled by setting TE bit of the TRCSR1, 
then port 2, bit 4 will unconditionally become a serial output inde- 
pendently of the corresponding DDR 

To transmit data, set the desirable transmit format with RMCR 
and TRCSR2 When the TE bit is set, the data can be transmitted 
after transmitting the one frame of preamble (‘‘1’’). 

The conditions at this stage are as follows. 

1) If the TDR is empty (TDRE=1), consecutive 1’s are pro- 

duced to indicate the tdle state. 

2) If the TDR contains data (TDRE=0), data is sent to the 

Transmit Shift Register and data transmit starts. 

During data transmit, a start bit of ‘‘0”’ ts transmitted first. Then 
7-bit or 8-bit data (starts from bit 0) is transmitted. With PEN=1, 
the parity bit, even or odd, selected by EOP bit is added, lastly the 
stop bit (1 bit or 2 bis) is sent. 

When the TDR is ‘‘empty’’, hardware sets TDRE flag bit. If the 
CPU doesn’t respond to the flag in proper timing (the TDRE is in 
set condition till the next normal data transfer starts from the trans- 
mit data register to the transmit sift register), ‘‘1°’ is transferred in- 
stead of the start bit ‘‘0’’ and continues to be transferred till data is 
provided to the data register While the TDRE is ‘‘1”’, ‘‘O”’ is not 
transferred. 

Data receive 1s possible by setting RE bit This makes port 2, 
bit 3 a serial input. The operation mode of data receive is decided by 


the contents of the TRCSR2 and RMCR at first, and set RE bit of 
TRCSRI. The first ‘‘0’’ (space) synchronizes the receive bit flow. 
Each bit of the following data will be strobed in the middle. If a stop 
bit is not ‘‘l”’, a framing error assumed and ORFE is set 

When a framing error occurs, receive data is transferred to the 
Receive Data Register and the CPU can read the error-generating 
data. This makes it possible to detect a line break. 

When PEN bit is set, the parity check is done. If the parity bit 
does not match the EOP bit, a parity error occurs and the PER bit is 
set, not the RDRF bit. Also, when the parity error occurs the re- 
ceive data can be read just like in the case of the framing error. 

The RDRF flag is set when the data is received without a fram- 
ing error and a parity error. 

If RDRF is still set when receiving the stop bit of the next data, 
ORFE is set to indicate the overrun generation. CPU can get the re- 
ceive data by reading RDR. When 7 bit data format is selected, the 
8th bit of RDR 1s ‘‘0”’. 

When the CPU read the receive Data Register as a response to 
RDRF flag or ORFE flag after having read TRCSR, RDRF or 
ORFE is cleared. 

(Note) Clock Source in Asynchronous Mode 

If CC1:CCO= 10, the internal bit rate clock 1s provided at P,, 

regardless of the values for TE or RE. Maximum clock rate is 

E~ 16. 

If both CCl and CCO are set, an external TTL compatible clock 

must be connected to P,, at sixteen times (16 X ) the desired bit 

rate, but not greater than E. 


(1) 


7Bit Data 


2 STOP 


A 


(5) | START 8Bit Data 


(7) | START 8Bit Data 


Figure 25 Asynchronous Mode Transfer Format 


® Clocked Synchronous Mode 

In the clocked synchronous mode, data transmit 1s synchronized 
with the clock pulse. The HD6303Y SCI provides functionally inde- 
pendent transmitter and receiver which makes full duplex operation 
possible in the asynchronous mode. But tn the clocked synchronous 
mode an SCI clock I/O pin is only P,,, so the stmultaneous receive 
and transmit operation is not available. In this mode, TE and RE 
should not be in set condition (‘‘1’’) simultaneously. Fig 26 gives a 
synchronous clock and a data format in the clocked synchronous 
mode 
1) Data transmit 

Data transmit 1s realized by setting TE bit in the TRCSR1 Port 
2, bit 4 becomes an output unconditionally independent of the 
value of the corresponding DDR 

Both the RMCR and TRCSR should be set in the desirable oper- 
ating condition for data transmit. 


When an external clock input is selected and the TDRE flag is 
‘*Q”?, data transmit is performed from port 2, bit 4, synchronizing 
with 8 clock pulses input from external to port 2, bit 2. 

Data is transmitted from bit 0 and the TDRE is set when the 
Transmit Shift Register (TSR) is ‘‘empty’’. More than 9th clock 
pulse of external are ignored 

When data transmit is selected to the clock output, the MPU 
produces transmit data and synchronous clock at TDRE flag clear. 
2) Data receive 

Data receive is enabled by setting RE bit. Port 2, bit 3 will be a 
serial input. The operating mode of data receive is decided by the 
TRCSR1 and the RMCR. 

If the external clock input is selected, 8 external clock pulses and 
the synchronized receive data are input to port 2, bit 2 and bit 3 re- 
spectively. The MPU put receive data into the receive data shift reg- 
ister by this clock and set the RDRF flag at the termination of 8 bit 
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data receive. More than 9th clock pulse of external input are ig- 
nored. When RDRF 1s cleared, the MPU starts receiving the next 
data instantly. So, RDRF should be cleared with P,, ‘‘High’’. 
When data receive is selected with the clock output, 8 syn- 
chronous clocks are output to the external by setting RE bit So re- 


CT) Transmit Direction 


ceive data should be input from external synchronously with this 
clock When the first byte data 1s received, the RDRF flag is set. 
After the second byte, receive operation is performed by sending 
the synchronous clock to the external after clearing the RDRF bit. 


Synchronous | | | | L| LJ LJ LJ LJ i 


clock 


ata Gy 
Zeke Rohe he NR A ZZ, zz 


> Transmit data is produced from a falling edge of a synchronous clock to the next falling edge 


+ Receive data is latched at the rising edge 


Figure 26 Clocked Synchronous Mode Format 


© Transmit/Receive Control Status Register (TRCSR1) 
($0011) 
The TRCSR1 is composed of 8 bits which are all readable Bits 0 
to 4 are also writable. This register ts initialized to $20 during reset. 
Each bit functions are as follows. 


Transmit/Receive Control Status Register 


7 6 5 4 3 2 1 ¢) 


Bit 0 WU Wake-up 

In a typical multi-processor configuration, the software pro- 
tocol provides the destination address at the first byte of the 
message. In order to make uninterested MPU ignore the re- 
maining message, a wake-up function ts available By this, unin- 
terested MPU can inhibit all further receive processing tll the 
next message starts. 

Then wake-up function is triggered by consecutive 1’s with 1 
frame length The software protocol should provide the idle time 
between messages. 

By setting this bit, the MPU stops data receive till the next 
message The receive of consecutive ‘‘1”’ with one frame length 
wakes up and clears this bit by hardware and then the MPU re- 
starts receive operation. However, the RE flag should be already 
set before setting this bit. In the clocked synchronous mode WU 
is not available, so this bit should not be set. 

Bit 1 TE Transmit Enable 

When this bit is set, transmit data will appear at port 2, bit 4 
after one frame preamble in asynchronous mode, while in 
clocked synchronous mode it appears immediately. This 1s ex- 
ecuted regardless of the value of the corresponding DDR When 
TE is cleared, the serial I/O doesn’t affect port 2, bit 4 

Bit 2 TIE Transmit Interrupt Enable 

When this bit is set, an internal interrupt (IRQ,) is enabled 
when TDRE (bit 5) is set. When cleared, the interrupt 1s 
inhibited. 

Bit 3 RE Receive Enable 

When set, a signal ts input to the receiver from port 2, bit 3 
regardless of the value of the DDR. When RE 1s cleared, the 
serial I/O doesn’t afffect port 2, bit 3. 

Bit 4 RIE Receive Interrupt Enable 

When this bit is set, an internal interrupt (IRQ,) 1s enabled 
when RDRF (bit 7) or ORFE (bit 6) 1s set When cleared, the 
interrupt is inhibited. 


Bit 5 TDRE Transmit Data Register Empty 
TDRE 1s set by hardware when the TDR is transferred to the 
Transmit Shift Register in the asynchronous mode, while in 
clocked synchronous mode when the TDSR is ‘‘empty’’. This 
bit is cleared by reading the TRCSR1 or TRCSR2 and writing 
new transmit data to the TDR when TDRE=1 TDRE 1s set to 
‘*}”> during reset. 
Bit 6 ORFE Overrun Framing Error 
ORFE 1s set by hardware when an overrun or a framing error 
is generated (during data-receive only). An overrun error occurs 
when new receive data is ready to be transferred to the RDR 
during RDRF still being set. A framing error occurs when a stop 
bit is ‘‘O’’. But in clocked synchronous mode, this bit is not af- 
fected. This bit is cleared by reading the TRCSR1 or TRCSR2, 
and the RDR, when RDRF=1 ORFE is cleared during reset. 
Bit 7 RDORF Receive Data Register Full 
RDRF 1s set by hardware when data ts received normally and 
transferred from the Receive Shift Register (RSR) to the RDR 
This bit is cleared by reading TRCSR1 or TRCSR2, and the 
RDR, when RDRF= 1. This bit is cleared during reset. 


® Transmit Rate/Mode Control Register (RMCR) 

The RMCR controls the following serial I/O 

- Baud Rate * Data Format 

- Clock source - Port 2, Bit 2 Function 

- Operation Mode 

All bits are readable/writable. Bit 0 to 5 of the RMCR are cleared 
during reset. 


Transfer Rate/Mode Control Register 


7 6 5 4 3 2 1 O 


BitO Sso 
Bit 1 $$1 Speed Select 
BitS SS2 


These bits control the baud rate used for the SCI. Table 7 lists 
the available baud rates The timer 1 FRC (SS2=0) and the timer 2 
up counter (SS2= 1) provide the internal clock to the SCI. When 
selecting the timer 2 as a baud rate clock source, it functions as a 
baud rate generator The timer 2 generates the baud rate listed in 
Table 8 depending on the value of the TCONR. 

(Note) When operating the SCI with internal clock, do not per- 
form write operation to the timer/counter which 1s the 
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Table 7 SCIBit Times and Transfer Rates 


(1) Asynchronous Mode 


XTAL 2.4576MHz 4 OMHz 
ee SO CL 


26 .s/38400Baud 16 s/62500Baud 
208 «8/4800Baud 128,.8/7812 5Baud 

1 67ms/600Baud 1 024ms/976 6Baud 
6 67ms/1 50Baud 4 096ms/244 1Baud 
* * 















4.9152MHz 
1.2288MHz 
13 .«58/76800Baud 
104 2 .s/9600Baud 
833 38/1 200Baud 
3 333ms/300Baud 
* 






SS2 SS1 SSO 














- oo °o 
- Oo- 





* When S82 ts “1”, Timer 2 provides SCI clocks The baud rate 1s shown as follows with the TCONR as N 


ak a x * “* 


- f f input clock frequency to the 
Baud Rate = 32 (Ntl) timer 2 counter 
N=0~ 255 
(2) Clocked Synchronous Mode“ 
XTAL 40 MHz 6 0 MHz 8 0 MHz 12 0 MHz 
ss2 sS1 sso E 15 MHz 2.0 MHz 3 0 MHz 
0 0 0 E-2 2 ps/bit 1 33 xs/bit 1 »s/bit 0 667 ys/bit 
0 0 1 E — 16 16 ps/bit 10 7 ps/bit 8 us/bit 5 33 ps/bit 
0 1 0 E — 128 128 us/bit 85 3 us/bit 64 us/bit 42 7 us/bit 
0 1 1 E ~— 512 512 us/bit 341 ys/bit 256 pus/bit 171 us/bit 
{ 








"Bit rates in the case of internal clock operation In the case of external clock operation, the external clock Is operatable up to DC ~ 1/2 
system clock 


** The bit rate is shown as follows with the TCONR as N 


4 (Nt1 
Bit Rateafbu = AOKI) (put clock frequeny 10 ie 
N=0~ 255 


Table 8 Baud Rate and Time Constant Register Example 


2 4576MHz 3 6864MHz 
sais Bayt | etree | seecene 









4 9152MHz 















110 at 32° aa,” 
150 255 51° 
300 127 207 
600 63 103 
1200 31 51 
2400 15 25 
7 12 





3 
1 
0 





* E/8 clock 1s input to the tumer 2 up counter and E clock otherwise 


Table 9 SCI Format and Clock Source Control 


CC2 CC1 CCO]} Format | Mode —_—‘| Clock Source | Port 2,Bit2 | Port 2, Bit 3 Port 2, Bit 4 





































0 0 0 8B bit data | Clocked Synchronous | External Input 

0 0 1 8-bit data’ | Asynchronous Internal Not Used’® ae 
Q 1 e) 8-bit data | Asynchronous Internal Output® Hels uae trea CN ae 
0 1 1 8-bit data | Asynchronous External Input 

1 0 .¢) 8-bit data { Clocked Synchronous | Internal Output 

1 0 1 7-bit data’ | Asynchronous Internal Not Used** are 
1 1 0 7-bit data | Asynchronous Internal Output® eee aoa ™ 
1 1 1 7-bit data | Asynchronous External Input 











* Clock output regardless of the TRCSRI, bit RF and TI 
** Not used for the SCI 
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clock source of the SCI. 


Bit2 CCco 
Bit3 CC1 Clock Control/Format Select* 
Bit4 CC2 


These bits control the data format and the clock source (refer to 
Table 9). 

* CC0, CCl and CC2 are cleared during reset and the MPU 
goes to the clocked synchronous mode of the external clock 
operation. Then the MPU automatically set port 2, bit 2 into 
the clock input state. When using port 2, bit 2 as an output 
port, the DDR of port 2 should be set to ‘‘1”? and CC1 and 
CCO0 to ‘‘0”’ and ‘‘1”’ respectively. 


Bit 6 Not Used 
Bit 7 Not Used 


@ Transmit/Receive Control Status Register 2 (TRCSR2) 

The TRCSR2 is a 7-bit register which can select a data format in 
the asynchronous mode The upper 3 bits are the same address as 
the TRCSR1]. Therefore, the RDRF, ORFE and TDRE can be read 
by either the TRCSR1 or TRCSR2. Bits 0 to 2 of the TRCSR2 are 
used for read/write. Bits 4 to 7 are used only for read. 


Transmit/Receive Control Status Register 2 


7 6 5 4 3 2 1 O 
BitO #SBL Stop Bit Length 
This bit selects the stop bit length in the asynchronous mode. 


@ PRECAUTION 1 

In the synchronous clocked receive operation with clock-output, 
there are three cases for clock pulse timing after RDRF clear as 
shown below. 

Please consider above in designing system, since transmitting 
receiving time is not uniform. 


ROR read cycle (RORF clear) 


If this bit is ‘‘0’’, the stop bit is 1-bit. If ‘‘1°’, the stop bit is 2-bit. 
This bit is cleared during reset. 
Bit 1 EOP Even/Odd Parity 
This bit selects the parity generated and checked when the 
PEN is ‘1’. If this bit is ‘‘0”’, the parity is even. If ‘'1”’, it 1s odd. 
This bit is cleared during reset. 
Bit 2 PEN Parity Enable 
This bit decides whether the parity bit should be generated 
and checked in the asynchronous mode or not. If this bit is ‘‘0”’, 
the parity bit is neither generated nor checked If ‘‘1”’, it 1s gen- 
erated and checked. This bit is cleared during reset 
The 3 bits above do not affect the SCI opertion in the clocked 
synchronous mode. 
Bit 3 Not Used 
Bit 4 PER Parity Error 
This bit 1s set when the PEN ts ‘‘1”’ and a parity error occurs. 
It is cleared by reading the RDR after reading the TRCSR2, 
when PER= 1 
Bit5 TDRE 
Transmit Data Register Empty 
Bit6 ORFE 
Overrun/Framing Error 
Bit 7 RDRF 
Receive Data Register Full 
* Each flag of the TDRE, ORFE, and RDRF can be read from 
either the TRCSR1 or TRCSR2 





The clock-output of case 1 or case 2 1s determined by “1” or “‘O” 
of SCI internal operation clock of RDRF clearing cycle. In addition, 
in the case of low voltage operation (Vcc < 4.5V), the clock-output 
of case | may transfer to case 3. 


Pe ee ed a 


bit O 


bit 1 


clock-output | | | 


case 1 


t 


bit O 


case 2 | | 
—————___—$_» 


t, 


bit 0 


case 3 | 


(note) 


When bit rate is 
E/16, 


E/2, t; = E, and t, = 2E. 
t, = 8E, tz = 16E. 

E/128, t, = 64E, t. = 128E. 

E/512, t,; =256E,  t, = 512E. 


Diagram for Precaution 1 
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@ PRECAUTION 2 

When transmitting through clock-synchronous serial communi- 
cation interface, TE bit should not be cleared with TDRE of TRCSR 
($11) is “0”. 

The TDRE set and clear conditions of SCI are shown as follows. 


Set condition 


1. TOR > transmit 
shift register 
(asynchronous) 

2. Transmit shift 
register is empty. 
(clock-synchronous) 

3. RES = 0 












Clear condition 


When writing to TDR 
after TRSCR read, 
with TDRE = 1, TDRE 
is cleared. 





TDRE 


If transmit data is written to TDR, and then TE bit is cleared with 
TDRE = 0 to stop transmitting, TDRE remains ‘‘0”’. 

In this case, even if TE bit is set and transmit data is written again, 
the TDR data is not transmitted. 

Please note that TE bit must be cleared after the last data has been 
transmitted. 

(This caution is not applied to asynchronous serial communica- 
tion interface. ) 


mw TIMER, SCi STATUS FLAG 
Table 10 shows the set and reset conditions of each status flag in 
the timer 1, timer 2 and SCI. 


Table 10 Timer 1, Timer 2 and SCI Status Flag 


















Clear Condition 


P6CSR IS FLAG Falling edge input to Ps, (IS) 1 Read the P6CSR then read or write the 
PORTE, when IS FLAG = 1 
2. RES=0 
ICF FRC — ICR by Rising or Falling edge input to 1 Read the TCSR1 or TCSR2 then ICRH, 
Poo when ICF = 1 
(Selecting with the IEDG bit) 2 RES=0 
OCF1 OCR1 = FRC 1 Read the TCSR1 or TCSR2 then write to 
the OCR1H or OCRIL, when OCF1 = 1 
2 RES=0 
Timer OCF2 OCR2 = FRC 1 Read the TCSR2 then write to the OCR2H 
1 or OCR2L, when OCF2 = 1 
2 RES=0O 
TOF FRC = $FFFF+ 1 cycle 1. Read the TCSR1 then FRCH, when 
TOF = 1 
2. RES=0 
Timer CMF T2CNT = TCONR 1. Write ‘’0’ to CMF, when CMF = 1 
7 2 RES=0 
RDRF Receive Shift Register — RDR 1. Read the TRCSR1 or TRCSR2 then ROR, 
when RDRF = 1 
2 RES=0O 
ORFE Framing Error (Asynchronous Mode) 1 Read the TRCSR1 or TRCSR2 then RDR, when 
Stop Bit = O ORFE = 1 
Overrun Error (Asynchronous Mode) 2 .RES=0 
Receive Shift Register — RDR when 
SCI RDRF = 1 


TDRE Asynchronous Mode 


TDR — Transmit Shift Register 
Clocked Synchronous Mode 





Read the TRCSR1 or TRCSR2 then write to the 
TDR, when TORE = 1 


Transmit Shift Register ts ‘‘empty”’ 


RES = 0 


Parity when PEN= 1 1. 
2. RES=o 





(Note) — , Transfer = , equal ICRH, Upper byte of ICR 


Read the TRCSR2 then ROR, when PER= 1 


OCRIL, Lower byte of OCR1 


OCR1H, Upper byte of OCR1 
OCR2H, Upper byte of OCR2 


OCR2L; Lower byte of OCR2 
FRCH, Upper byte of FRC 
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w LOW POWER DISSIPATION MODE 
The HD6303Y provides two low power dissipation modes; sleep 
and standby. 


@ Sleep Mode 

The MPU goes to the sleep mode by SLP instruction execution. 
In the sleep mode, the CPU stops its operation, while the registers’ 
contents are retained. In this mode, the peripherals except the CPU 
such as timers, SCI, etc. continue their functions. The power dis- 
sipation of sleep-condition is one fourth that of operating condition. 

The MPU returns from this mode by an interrupt, RES or 
“STBY, it goes to the reset state by RES and the standby mode by 
“STBY. When the CPU acknowledges an interrupt request, it cancels 
the sleep mode, returns to the operation mode and branches to the 
interrupt routine. When the CPU masks this interrupt, it cancels 
the sleep mode and executes the next instruction. However, for ex- 
ample, if the timer 1 or 2 prohibits a timer interrupt, the CPU 
doesn’t cancel the sleep mode because of no interrupt request. 


NMI 


HD6303Y 3 RES 


STBY 


| 
| 
] 
| 
| 
| 


| 
i 
| 
\ 





2 STBY ll 
| | 


© Save Registers 
© RAM/Port 5 Control Register Set 


This sleep mode is effective to reduce the power dissipation for a 
system with no need of the HD6303Y’s consecutive operation. 


® Standby Mode 
The MPU goes to the standby mode with the STBY ‘‘Low”’ or 
by clearing the STBY flag. In this mode, the HD6303Y stops all the 
clocks and goes to the reset state. In this mode, the power dissipa- 
tion is reduced to several »A. During standby, all pins, except the 
power supply (Vcc, Vss), the STBY, RES and XTAL (which out- 
puts ‘‘0’’), go to the high impedance state In this mode, power 
(Vcc) is supplied to the HD6303Y, and the contents of RAM is re- 
tained. The MPU returns from this mode during reset. When the 
MPU goes to the standby mode with STBY ‘‘Low’’, it will restart at 
the timing shown in Fig. 27(a). When the MPU goes to the standby 
mode by clearing the STBY flag, it will restart only by keeping the 
‘‘Low”’ for longer than the oscillating stabilization time. (Fig. 
27(b)) 


— 


| 
| 
| | 
\ | 


Oar ene ates me ener «eee 
Standby Mode 


O Oscillator, 
Start 
Time 


|+—_—> 
Restart 


(a) Standby Mode by STBY 


Vec 


HD6303Y 


Clear 





' 


OSTBY FLAG 


ee 


4 

| 
Standby Mode 
O Oscillator! 
Start \ 


Twme {Restart 


(b) Standby Mode by the STBY Flag 


Figure 27 Standby Mode Timing 
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m TRAP FUNCTION 

The CPU generates an interrupt with the highest priority 
(TRAP) when fetching an undefined instruction or an instruction 
from non-memory space. The TRAP prevents the system-burst 
caused by noise or a program error. 


@ Op Code Error 

When fetching an undefined op code, the CPU saves registers as 
well as a normal interrupt and branches to the TRAP ($FFEE, 
$FFEF). This has the priority next to reset. 


@® Address Error 

When an instruction fetch is made from the address of internal 
register, the MPU generaters an interrupt as well as an op code 
error. But on the system with no memory in its external memory 
area, this function is not applicable if an instruction fetch is made 
from the external non-memory area. Addresses where an address 
error occurs are from $0000 to $0027. 

This function is available only for an instruction fetch and is not 
applicable to the access of normal data read/write. 

(Note) The TRAP interrupt provides a retry function differently 
from other interrupts This is a program flow return to the 
address where the TRAP occurs when a sequence returns 
to a main routine from the TRAP interrupt routine by 
RTI. The retry can prevent the system burst caused by 
noise, etc. 

However, if another TRAP occurs, the program repeats 
the TRAP interrupt forever, so the consideration 1s neces- 
sary in programming. 


@ INSTRUCTION SET 

The HD6303Y provides object code upward compatible with the 
HD6801 to utilize all instruction set of the HMCS6800. It also re- 
duces the execution times of key instructions for throughput im- 
provement. 

Bit manipulation instruction, change instruction of the index 
register and accumulator and sleep instruction are also added 

The followings are explained here. 

CPU Programming Model (refer to Fig. 28) 

Addressing Mode 

Accumulator and Memory Manipulation Instruction (refer to 

Table 11) 

New Instruction 

Index Register and Stack Manipulation Instruction (refer to 

Table 12) 

Jump and Branch Instruction (refer to Table 13) 

Condition Code Register Manipulation (refer to Table 14) 

Op Code Map (refer to Table 15) 


@® Programming Model 

Fig 28 depicts the HD6303Y programming model The double 
accumulator D consists of accumulator A and B, so when using the 
accumulator D, the contents of A and B are destroyed. 


@ CPU Addressing Mode 

The HD6303Y provides 7 addressing modes. The addressing 
mode is determined by an instruction type and code. Tables 11 
through 15 show addressing modes of each instruction with the ex- 
ecution times counted by the machine cycle 

When the clock frequency is 4MHz, the machine cycle time be- 
comes microseconds directly 
Accumulator (ACCX) Addressing 

Only an accumulator 1s addressed and the accumulator A or B is 
selected. This is a one-byte instruction. 
immediate Addressing 

This addressing locates a data in the second byte of an instruc- 
tion. However, LDS and LDX locate a data in the second and third 
byte exceptionally. This addressing 1s a 2 or 3-byte instruction. 
Direct Addressing 

In this addressing mode, the second byte of an instruction shows 






8 Bi Accumulators A and B 


of OF 16 Bt Double Accumulator O 


inden Register {X) 


Program Counter (PC) 


? Qo 

Ptfataf efatz] vic] Condition Code Register (CCA) 
Carry /Borrow from MSB 
Over tiow 
Zero 
Negative 
interrupt 
Half Carry (From 81 3) 


Figure 28 CPU Programming Model 


the address where a data 1s stored. 256 bytes ($0 through $255) can 
be addressed directly. Execution times can be reduced by storing 
data in this area so it is recommended to make it RAM for users’ 
data area in configurating a system. This is a 2-byte instruction, 
while 3 byte with regard to AIM, OIM, EIM and TIM. 

Extended Addressing 

In this mode, the second byte shows the upper 8 bit of the data 
stored address and the third byte the lower 8 bit. This indicates the 
absolute address of 3 byte instruction in the memory. 

Indexed Addressing 

The second byte of an instruction and the lower 8 bit of the in- 
dex register are added in this mode As for AIM, OIM, EIM and 
TIM, the third byte of an instruction and the lower 8 bits of the in- 
dex register are added. 

This carry is added to the upper 8 bit of the index register and 
the result is used for addressing the memory. The modified address 
is retained in the temporary address register, so the contents of the 
index register doesn’t change. This is a 2-byte instruction except 
AIM, OIM, EIM and TIM (3-byte instruction) 

Implied Addressing 

An instruction itself specifies the address This 1s, the instruction 
addresses a stack pointer, index register, etc. This is a one-byte in- 
struction. 

Relative Addressing 

The second byte of an instruction and the lower 8 bits of the pro- 
gram counter are added. The carry or borrow is added to the upper 
8 bit. So addressing from — 126 to + 129 byte of the current instruc- 
tion is enabled. This is a 2-byte instruction 
(Note) CLI, SEI Instructions and Interrupt Operation 

When accepting the IRQ at a preset timing with CLI and 
SEI instructions, more than 2 cycles are necessary be- 
tween the CLI and SEI instructions. For example, the fol- 
lowing program (a)(b) don’t accept the IRQ but (c) ac- 


cepts it 
: : CLI 
CLI CLI NOP 
SEI NOP NOP 
: SEI SEI 
(a) (b) (c) 


The same thing can be said to the TAP instruction instead 
of the CLI and SEI instructions 
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Table 11 Accumulator, Memory Manipulation Instructions 


Condition Code 





Addressing Modes 


Operations 





CO] O Joe | oe | oe Joo] oo | on eleleleicjciclo(+} = |nininleleje] @ jelejejeletejejejele| @e |Sle le je je | © | @ | a jew joo joo or jon 
lel > [lel ]-[- [Jefe fc fe fe fof |) | foe [ele fel- eo] ~ fololeala|slolejaja] « |e ja |x fo lo lelelelejo jeje le 
3 lal n [-[-[-[-[-[-[-|-[-]-[oJofo[ [~~ | ~[- [Te [effet [de fe df fe le fe fo fo fo fo fle fe fe Le | 
Sle] 2 [-[-[- [Tf [lel a fe fe [~~ fff fff fo fe oe foe foe foe [Lo fed ne | oo Le To | fo fo Lo Lo fo [oe fo [oe fo [oe 

fe] = Jololofofelelefefelelelolelele| o lo lelelefolel o felolelelelolelelelel o [ele [eo [olololole le lo lo lole| 

fol = [-[-[e]-[-[-[efele[ololelelelo] « [elelefefole] o fojololeleleleleleleo] o Je le le lo lelelele lo fe le lo lo| 
g < 38 
uy a 32 < : t t 
ae) + >® t eS 2 o 
32 si (<2 a? =:|> ale he ~ 
Se ols |<jolol |. 2) </1 5 o[3/<laly |i |z]<]o wf < |<] {2/4 /%)% a o 
E {als/sialsisitit | | [zie slalolsl<lol seit |ttelert i {fell 2 Siete egy |2] [Qe | |Ge 
++ +i ele = = t t t ‘ ' ' c a 1 t t ® & +leie t t + xle 1 t t 7); + eas 
alaj<la}alaidio 8|8/8 IS lia (BIS SiSSlslalalalaisialal/sis} F lala sole lol/GlG) <e/2< © 
ee eee stelle ie) ele ete ete ee ea ee eel 

So) ee Ce eles oe ele) eee ela he eel el esi ole, dee lle lS 

est ty fel TTT TT ists] T [=] [elst [etal e| fstst | | [sisi | | [et | lsisis|a) [els] [ele 

ols |elsleelel alelelolel | ele) ley plop el jelelol teeter tele bel lel 
alt |efelol Telefe[elelefol T [ele) fel | fol TT fol [ felefel T fefefot tele] Tt | fol | fo | | 


Ss felelc| [elelsiztsfele| | [alc] [el | lel | | lst | stele) | delete] [sist | Td lel | el 
Pe folate Tolalefefefetet | delet el [def Tel Ielelel [Taleo [ele f TTT Tel 1 
re felefel Tetstets tele oll Telet felt tol TT felt Telefel [Telefe [Tele TT tel 7 tel 
sfalsis] feisllsfels}s| | lec] [s| | |e] |] ts] | deisiel | [eel e| [eis] | | | isl | ie | I 

Le tealala| Talafafafaleal TT fofaf [PT Tt Ty TTT fale | [ fofet ot fvfet Pt Tt ttt td | 

Bf olofs[ Tofofofofofol TT tool TTT TT TT TTT folel TT Toff Tefe P TTT TTT 

a 8 falals| [siaisialais| | | [sla] | || TTT | ITT islal tf digit isis} | Tt tt tt 


pe lelafol [alafatafalel TT fale? TTT PTT TT oy fede Tt tele} eo] teil | PT | Tt 
Pe fefafel [alefafetefel PT fefef TTT TP TT Tt [ele TT Tafel oT felel | TTT Tt ttt 


© A 4 wo - ©} O < 
8 (alsle] [alalsisiels| | [ fals] | TTT TTT TT leis] || isisi st [sisi | TT tt 


ro) 
Oo 


. . 


COMA 
COMB 
NEGA 
DAA 
DEC 
EORB 
INC 
INCA 
INCB 
LOAA 
LOAB 
LOO 
MUL 
ORAA 
ORAB 
PULA 
PULB 
ROL 
ROLA 
ROLB 
RORA 
RORB 


ADOB 
ADDO 
ABA 
ana 

ANOB 
BITA 
BIT 8B 
CBA 


Decimal Adjust. A 
Rotate Right 


Add 

Add Double 
Add Accumulstors 
Add With Carry 
ANO 

Bit Test 

Clear 

Compare 
Compare 
Accumulators 
Complement, 1 
Complement, 2 
(Negate) 
Oecrement 
Exclusive OR 
Increment 
Load 
Accumu!lstor 
Losed Double 
Accumulator 
Multiply Unsigned 
OR, Inctusive 
Push Deta 

Pull Data 
Rotete Left 


(continued) 


(Note) Condition Code Register will be explained in Note of Table 14 
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Table 11 Accumulator, Memory Manipulation Instructions 













































Condition Code 
Register 
Operations Boolean/ 4 tlo- 
Arithmetic Operation id 4 3 2 ' 0. 
Hoi lz vic 
Shift Left M -_—- - © ' 
ead a} CHCIITITITK 9 [¢ [o 1 
al MEOOOE OE 
Double Shift [}{__ acc a/ ACC B i}e-o e (6) 2 
Left, Arithmetic a? AO 87 80 
Shift Right . it | © 
Arithmetic elels a 
elelt 
Shift Right 1955 
Logical mae . 
ote 
Double Shift O->{ KCC AT ACE 8 bh) 
Right Logical a? AO 8? so C 
Store 


Accumulator 





Store Double 
Accumulator 


Subtract 


















Double Subtract 
























Subtract 

Accumulators a _ 
Subtract A 
With Carry 8 
Transfer A 


Accumulators 


io | 


jy 


8/8 
| 
| 
| 


t 


Test Zero or 
Minus 


: 
sic'st ee! © “ee: ee ee 
moc 
| | [21 © |CJ@e/@Qo 
pases el a a ai ie a Pane a 
: Hy ; i : I } { : 


SOR O wee 
1 ' : : 
1 { ' t 


riz 






~ a) @ 
°o N w 


j 


ee.) 


And immediate 
OR Immediate 


| 


E 
3 
3 
(78) 4]ajeeisja} fT 


(Note) Condition Code Register will be explained in Note of Table 14. 


jejeto] Tt ele 






EOR Immediate 
Test Immediate 


Ww 


4. ! 


ay a | ca a joe [om foe [oe 


}°| 
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@ Additional Instruction 
In addition to the HD6801 instruction set, the HD6303Y pre- 
pares the following new instructions 
AIM (M)-(IMM) — (M) 
Executes “‘AND” operation to immediate data and the 
memory contents and stores its result in the memory 
OIM ... (M)+ (IMM) — (M) 
Executes ‘‘OR”’ operation to immediate data and the memo- 
ry contents and stores its result in the memory. 
EIM (M) @ (IMM) — (M) 
Executes ‘‘EOR’’ operation to immediate data and the 
memory contents and stores its result in the memory 


eee eee ee ae 


cee ee 


TIM ... ... . (M)-(IMM) 
Executes ‘‘AND”’ operation to immediate data and changes 
the relative flag of the condition code register. 

These are the 3-byte instructions; the first byte is op code, the 


second immediate data and the third address modifier. 


XGDX (ACCD)— (IX) 
Exchanges the contents of accumulator and the index regis- 
ter. 

SLP 
Goes to the sleep mode. Refer to ‘LOW POWER DISSIPA- 
TION MODE?” for more details of the sleep mode. 


Table 12 Index Register, Stack Manipulation Instructions 


Addressing Modes 

















Condition Code 
Register 







Boolean/ 


Pointer Operations IMMED | DIRECT | INDEX Arithmetic Operation [5 ]4]3[2]1]0 
lop |~ | #]or |~ | jor [~| * ]or |~]# lor |~ [« | Hin [z[vic 
ec afecfete acls|2 fecls[s] [| pommel eft 
Decrement index Re Oe ACC pogooc 
Decrement Sack Pt Ce ee OOO 
“inerement der Reg Se Seen C0 OCC OGOOC 
ingrement Steck Pr ne Cx OOOO 
Lond Index Pe oe{afafoefa fa fee feta tres[s] [| [w-xwon=e Tea fals 
Losd Stack Pntr }3|3]oe[a[2jae|s{2iee{s[/3] | | [M~sey.(Met)-sPy [ele |7/t [Rie 
Sore inden Feo S00 GOR WOO mee CeCe OU OOOLIC 
Sore Stuck at iz [arfelater[s[3] [ [farm sh, =e Tele r Te fale 
index leg = Stack Pat cae aaa X19 ele leielele 
Sack Pott Indes eg ee ggggdc 
Add TTP | | | satis jeex-x  fefelelelele 
Push Data 3c X_ ~My, SP - 1 + SP e 
CEE heemeetee Ue Le 
Pull Data SP + 1-- SP, Ma, Xn @ 
EEE EE Py eco ee Pere 
ceca Fe ee ee OOOOOL 


(Note) Condition Code Register will be explained in Note of Table 14. 
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Table 13 Jump, Branch Instruction 


Addressing Modes spr saad 
eee PRevaTive | orrect | inex [exTEND [imecieo | Srareh Test = gT al aati lo 
: See [HT tN izivic 
Branch Always | BRA | 20] 3| | | [None se oto le leole 


Branch Never ene A ce ee ee COG . 


Branch it Corry Cleer | acc = |2a|3{2/ | | | | | | | |] | ft ero felelelelels 
Branch if CarrySet | acs) [25;3}2) | | | | | tT PT tT TT fen Teteyeleleye 
Branch f= Zero =| —BEQ. = (27 3iz27 | | | | | tf | tT | | | ee ele fe fe lele 
Branch if > Zero =| BGE faci; 3j2{ | { | | | || | | [n@veo  [elelelelele 
Branch if >Zero = | eGT je; 3}2/ | | | | | | | Tt tt f2zein@vizo  [elelelelele 
Branch if Higher | BHI (22/1 3/2/ | | | Tt | tl | TT eezeo efoto lelele 
Branchif< zero | ace [2eiaf7]| ||| |1||{] || [z-wow-1  [elefele[ele 
i CC ED CO cc 
me 
Branch if < Zero | eur = [20i3(2/ | | | | | | | tt tt iN @ver  felelelelele 
Branch If Minus | em fei 3ai2] 7 | | tt] TTT TT Net fe fete [ole le 
ii ie ae ae i ee OC EE 
Zero 
cao owmow | ove fzsiaiz] | TT TTT TTT TT vee ede ef fe 
er 
Branch if Overtiow Set| avs {zal3j21_| ||] 11] 11111 lv-1  _lelefefefete 
Branch If Plus F eee jaatai2] | | | TT tT hvThdT T hT [neo [elolelelele 
Branch To Subroutine | esa [eo{si2| | | | ||| ||| |_| googoc 
Jump p me foe a2 ye fast ft fo je je fe jele 
Jump To Subrourme | sR ||| [90/8 [2 |AO[5 [2 [Bole (3) | | je [ele fe lele 
ct cee RRS a cro GEE 
Return From interrupt} AT! | | | | | | | | TT | [3a fol | a Oe 
Subrouten” Ars CeO a fe + (+ Je 
Subroutine 
Software Interrupt Se Ree RR RAE ESD je |S |e |e |e |e 
Wart for Interrupt® er pe je [aI Je [ele 
=: CS ee ee OO OOoo 


(Note) * WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three state. 
Condition Code Register will be explained in Note of Table 14 
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Table 14 Condition Code Register Manipulation Instructions 


Condition Code Register 
Boolean Operation isi{a[3]2]1[o 
PHT ini zi[vic 








Operations 
Lop | ~ [« | 
Clear Carry CLC Foc | 1 [1 o-Cc fefefefefe aA 
Cleor interrupt Mask Pc ce On| fe |Rielele le 
Cleer Overtiow ee O-V fete ltelelarte 
Set Corry es ee 
Set Interrupt Mask a Dd 
Set Overflow Pp seve Cf tt Pt tC( (id fe Pe Te [ss To 
Accumulator A=cCR | TAP | 6 | 1 | | A- CCR : @ 
CCR — Accumuletor A TPA | o7 | 1 [1 | CCR+A Fete flelele le 
LEGEND CONDITION CODE SYMBOLS 
OP Operation Code (Hexadecimal) H = Half-carry from bit 3 to bit 4 
~ Number of MCU Cycles | Interrupt mask 
Msp Contents of memory location pointed by Stack Pointer N Negative (sign bit) 

# = Number of Program Bytes Z = Zero (byte) 

+ Arithmetic Plus V = Overflow, 2’s complement 

- Arithmetic Minus C  Carry/Borrow from/to bit 7 

® Boolean AND R= Reset Always 

+ Boolean Inclusive OR S Set Always 

@® Boolean Exclusive OR + Set if true after test or clear 

M Complement of M e Not Affected 

— Transfer into 

0 Bit = Zero 

00 Byte = Zero 


(Note) Condition Code Register Notes. (Bit set if test is true and cleared otherwise) 

(Bit V) Test: Result = 100000007 

(Bit C) Test. Result § 00000000? 

(Bit C) Test: BCD Character of high-order byte greater than 10? (Not cleared if previously set) 
(Bit V) Test: Operand = 10000000 prior to execution? 

(Bit V) Test. Operand = 01111111 prior to execution? 

(Bit V) Test. Set equal to N@ C = 1 after the execution of instructions 

(Bit N) Test Result less than zero? (Bit 15=1) 

(All Bit) Load Condition Code Register from Stack 

(Bit 1) Set when interrupt occurs If previously set, a Non-Maskable Interrupt is required to exit the wait state 
(All Bit) Set according to the contents of Accumulator A 

(Bit C) Result of Multiplication Bit 7=17 (ACCB) 


— 


SDI@IW®D®BD@OOVO 


3 


8 


Table 15 OP-Code Map 


oP 
CODE A 8 






+ 
” 
x 


“/ 


eag\\a\-8 





Ha 
\ 
i 


2|o@ 
& 
v 
Cc 
ia 
oa 
2) 
° 
= 
Nn 
Cc 
os] 
: 
> 
0 
ie] 
o 


\\AWNE EE 


+ 

> 

a 
@ 
oO 
nw 


) 
a 
oa 
<j< 
anon 
P >: ie) «4 
~4 <)/C x 
= Olir n 
> 
” 
al 


+ 
@ 
> 








8 | 

[1001 | 9 | 
foro AT CLV | SLP | BPL DEC 
fio] @| Sev | ABA | BMI | P| TIM 
rioe fe [ere |] ace esx inc 
faethe faa 
ini | € | cu ee BGT pwat | — | | 
funpe] se Tee [swt cua 

p20 | pe se ee 








UNDEFINED OP CODE (=) 
* Only each instructions of AIM, OIM, EIM, TIM 
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a CPU OPERATION 
@ CPU Instruction Flow 

When operating, the CPU fetches an instrution from a memory 
and executes the required function. This sequence starts with RES 
cancel and repeats itself limitlessly if not affected by a special in- 
struction or a control signal. SWI, RTI, WAI and SLP instructions 
change this operation, while NMI, IRQ,, IRQ,, IRQ,, HALT and 
STBY control it. Fig. 29 gives the CPU mode transition and Fig. 30 
the CPU system flow chart. Table 16 shows CPU operating states 





and port states. 


® Operation at Each Instruction Cycle 

Table 17 shows the operation at each instruction cycle. By the 
pipeline control of the HD6303Y, MULT, PUL, DAA and XGDX 
instructions, etc. prefetch the next instruction. So attention is nec- 
essary to the counting of the instruction cycles because it is different 
from the usual one—from op code fetch to the next instruction op 
code. 





Figure 29 CPU Operation Mode Transition 


Table 16 CPU Operation State and Port, Bus, Control Signal State 


Port 

Ag ~ Az 

Port 2 

Do ~ D, 

Ag ~ Ais 

Port 5 

Port 6 

Control Signal 
*1 RO, WR, R/W, CIR = H, BA=L 


*2 RD, WR, R/W= T,TIR, BA=H 
°3  ~ E pin goes to high impedance state 


STBY* HALT Sleep 
T 


T H 
Keep Keep 


ae 
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Crt 
VEC TORING 














(Note) 1. The program sequence will come to the RES start from 
any place of the flow during RES. When STBY=0, the 
sequence will go into the standby mode regardless of the CPU 
condition. 

2 Refer to ‘FUNCTIONAL PIN DESCRIPTION” for more 
details of interrupts 


AEA inTERRUPT 
REQUEST FLAG 
CLean 


INTERRUPT REQUEST FLAGS 
CLEAR EXCEPT NMI 


Figure 30 HD6303Y System Flow Chart 
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Table 17 Cycle-by-Cycle Operation 


Op Code Address + 1 
Op Code Address +2 


Op Code Address + 1 
Op Code Address +2 
Op Code Address + 3 





Address Mode & 
Instructions 















Data Bus 


IMMEDIATE 





Operand Data 
Next Op Code 





Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 















DIRECT 
ADC ADD 1 Op Code Address + 1 Address of Operand (LSB) 
AND BIT 2 Address of Operand Operand Data 
CMP EOR 3 Op Code Address+2 Next Op Code 
LDA ORA 
SBC SUB 
STA — 4 Op Code Address + 1 Destination Address 
3 2 Destination Address Accumulator Data 
3 Op Code Address +2 Next Op Code 
ADDD- CPX 1 Op Code Address + 1 1 0 Address of Operand (LSB) 
LOD LOS 4 2 Address of Operand 1 0 Operand Data (MSB) 
LOX SUBD 3 Address of Operand + 1 1 0) Operand Data (LSB) 
4 Op Code Address + 2 1 10) Next Op Code 
STD STS “1 | Op Code Address+1 Destination Address (LSB) 
STX 4 2 Destination Address Register Data (MSB) 
3 Destination Address + 1 Register Data (LSB) 
4 Op Code Address +2 Next Op Code 
JSR” i er Op Code Address+1 Jump Address (LSB) 
2 FFFF Restart Address (LSB) 
5 3 Stack Pointer Return Address (LSB) 
4 Stack Pointer — 1 Return Address (MSB) 
5 Jump Address First Subroutine Op Code 
TM ~—~—<—s—TU LD |S—~<“;SC~S 1 ‘Op Code Address + 1 0 immediate Data 
4 | 2 Op Code Address+2 HAW Address of Operand (LSB) 
3 Address of Operand 0 Operand Data 
4 Op Code Address +3 0 Next Op Code 
AIM EIM ~ 1 | Op Code Address +1 0 immediate Data 
OIM 2 Op Code Address +2 0 Address of Operand (LSB) 
3 Address of Operand @) Operand Data 
4 FFFF 1 Restart Address (LSB) 
5 Address of Operand 1 New Operand Data 
6 Op Code Address +3 @) Next Op Code 


(Continued) 
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Address Mode & 
Instructions 
INDEXED 
JMP 
ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 
TST 
STA 
ADDD 
CPX LOD 
LOS LOX 
SUBD 
sTO STS 
STX 
JSR 
ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 
TIM 
CLR 
AIM EIM 
OIM 
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Op Code Address + 1 
FFFF 

Jump Address 

Op Code Address + 1 
FFFF 

IX + Offset 

Op Code Address+2 


Op Code Address + 1 
FFFF 

IX + Offset 

Op Code Address+ 2 
Op Code Address + 1 


IX + Offset 
IX + Offset + 1 

Op Code Address+2 
Op Code Address+ 1 


ix + Offset 
IX + Offset + 1 

Op Code Address +2 
Op Code Address + 1 


Stack Pointer 
Stack Pointer — 1 
IX + Offset 
Op Code Address + 1 


IX + Offset 


IX + Offset 
OP Code Address+ 2 
Op Code Address+ 1 
Op Code Address+2 


IX + Offset 
Op Code Address + 3 
Op Code Address + 1 


IX + Offset 
IX + Offset 
Op Code Address+ 2 
Op Code Address + 1 
Op Code Address +2 
FFFF 

IX + Offset 

FFFF 

Ix + Offset 

Op Code Address +3 
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Data Bus 


Offset 
Restart Address (LSB) 





First Op Code of Jump Routine 


Offset 

Restart Address (LSB) 
Operand Data 

Next Op Code 


Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 

Offset 

Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 

Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 

Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 


First Subroutine Op Code 


Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 
Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 

Next Op Code 

Offset 

Restart Address (LSB) 
Operand Data 

00 

Next Op Code 
Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


(Continued) 
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Address Mode & 


Instructions 

EXTEND 

JMP 

ADC ADD TST 

AND BIT 

CMP EOR 

LDA ORA 

SBC SUB 

STA 

ADOD 

CPX LOD 

LOS LOX 

SUBD 

STO STS 

STX 

JSR 

ASL ASR» 

COM DEC 

INC LSR 

NEG ROL 

ROR 

CLR 
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Op Code Address + 1 
Op Code Address+ 2 
Address of Operand 
Op Code Address + 3 


Op Code Address + 1 
Op Code Address + 2 
Destination Address 
Op Code Address+ 3 
Op Code Address + 1 
Op Code Address+ 2 
Address of Operand 
Address of Operand+ 1 
Op Code Address+3 
Op Code Address + 1 
Op Code Address + 2 
Destination Address 
Destination Address + 1 
Op Code Address +3 
Op Code Address+1_ 
Op Code Address + 2 
FFFF 

Stack Pointer 

Stack Pointer — 1 
Jump Address 

Op Code Address + 1 
Op Code Address +2 
Address of Operand 
FFFF 

Address of Operand 
Op Code Address +3 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Op Code Address+3 
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owr eve Ss sO 3 we em wr mm 


Data Bus 


Jump Address (MSB) 
Jump Address (LSB) 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

Next Op Code 


Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 

Next Op Code 


Destination Address (MSB) 


Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 

Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

00 

Next Op Code 


(Continued) 
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Address Mode & Cycle ae ae = " 
| IW 






























IMPLIED 
ABA ABX Op Code Address + 1 Next Op Code 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
LSRD = ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 
DAA XGDX Pees Next Op Code 
cee E a a Restart Address (LSB) 
PULA PULB Op Code Address+ 1 Next Op Code 
FFFF Restart Address (LSB) 
Stack Pointer +1 Data from Stack 
PSHA PSHB Op Code Address + 1 Next Op Code 
FFFF Restart Address (LSB) 
Stack Pointer Accumulator Data 
Op Code Address + 1 Next Op Code 
PULX Op Code Address + 1 Next Op Code 
FFFF Restart Address (LSB) 
Stack Pointer + 1 Data from Stack (MSB) 
Stack Pointer +2 Data from Stack (LSB) 
PSHX Op Code Address + 1 Next Op Code 
FFFF Restart Address (LSB) 
Stack Pointer Index Register (LSB) 
Stack Pointer — 1 index Register (MSB) 
Op Code Address + 1 Next Op Code 
RTS Op Code Address + 1 0 1 Next Op Code 
FFFF 1 1 Restart Address (LSB) 
Stack Pointer + 1 0 1 Return Address (MSB) 
Stack Pointer +2 0 1 Return Address (LSB) 
Return Address 0) 0 First Op Code of Return Routine 
MUL 1 Op Code Address + 1 ® Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 FFFF 1 Restart Address (LSB) 
7 4 FFFF 1 Restart Address (LSB) 
5 FFFF 1 Restart Address (LSB) 
6 FFFF 1 Restart Address (LSB) 
7 FFFF 1 Restart Address (LSB) 


(Continued) 
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Address Mode & 
instructions 


IMPLIED 
WAI 
RTI 
SWI 
SLP 
RELATIVE 
BCC 
BEQ BGE 
BGT BHI 
BLE BLS 
BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS 
BSR 


168 


FFFF 

Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer —3 
Stack Pointer —4 
Stack Pointer —5 
Stack Pointer —6 


FFFF 

Stack Pointer +1 
Stack Pointer +2 
Stack Pointer +3 
Stack Pointer+4 
Stack Pointer+5 
Stack Pointer +6 
Stack Pointer +7 
Return Address 


OPANDNAWN HOON ONAWNH — 


7 





FFFF 

Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer —3 
Stack Pointer —4 
Stack Pointer —5 
Stack Pointer —6 


oOOMINAMGHAWHN = 








FFFF 





FFFF 





Op Code Address + 1 


Vector Address FFFA 
Vector Address FFFB 
Address of SWI Routine 
Op Code Address + 1 


Op Code Address + 1 


Op Code Address + 1 




















Op Code Address + 1 


FFFF 
{ Branch Address 


Test="1 


| Op Code Address+1 Test='0 








Op Code Address+1_ 
FFFF 

Stack Pointer 
Stack Pointer — 1 
Branch Address 


tt 





oooo0o0co0o---— 
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| swe we 


Op Code Address + 1 








Data Bus 


Next Op Code 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 
Next Op Code 

Restart Address (LSB) 
Conditional Code Register 
Accumulator B 
Accumulator A 

Index Register (MSB) 
Index Register (LSB) 
Return Address (MSB) 
Return Address (LSB) 

First Op Code of Return Routine 
Next Op Code 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 
Address of SWI Routine (MSB) 
Address of SWI Routine (LSB) 
First Op Code of SWI Routine 
Next Op Code 

Restart Address (LSB) 


| 
Restart Address (LSB) 
Next Op Code 


Branch Offset 

Restart Address (LSB) 

First Op Code of Branch Routine 
Next Op Code 


ee A eterna 


Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Op Code of Subroutine 
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® WARNING CONCERNING THE BOARD DESIGN OF 20mm max — 
OSCILLATION CIRCUIT 
When designing a board, note that crosstalk may disturb the 
normal oscillation if signal lines are placed near the oscillation 
circuit as shown in Figure 31. Place the crystal and C, as close 
to the HD6303Y as possible. 


Avoid signal lines 
gouee in this area 






--- Signal tine 










(2) 
rr 





XTAL 


-|----]--- Signal line 





EXTAL 






HD6303Y 





HD6303Y 
(DP-64S) 






Do not use this kind of printed-circust board design. 


(Top View) 


Figure 31 Warning concerning board design 
of oscillation circuit Figure 32 Example of Oscillation Circuits tn Board Design 


® RECEIVE MARGIN OF THE SCI 

Receive margin of the SCI contained in the HD6303Y 1s 
shown in Table 18 
Note: SCI = Senal Communication Interface 





Table 18 
Bit distortion 









Character 









tolerance distortion tolerance 
(t—to) /to (T—To) /To 
HD6303Y +43.7% 
START 1 2 3 4 5 6 7 8 STOP 


ideal Waveform 


Bit length toy 
en ll length To 
Real Waveform He: eet ene ee Pes 


a. eee 
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@ WARNING CONCERNING WAI INSTRUCTION 

If the HALT signal is accepted by the MCU while the WAI in- 
struction is executing, the CPU will not operate correctly after 
HALT mode is canceled. 

WAI 1s a instruction which waits for an interrupt. The cor- 
responding interrupt routine is executed after an interrupt 
occurs. 

However, during the execution of the WAI instruction, 
HALT input makes the CPU malfunction and fetch an abnormal 
interrupt vectoring address. 

In HALT mode, the CPU operates correctly without the WAI 
instruction, and WAI is executed correctly without HALT input. 
Therefore, if HALT input is necessary, make interrupts wait 
during the loop routine, as shown in Figure 33. 








@ WRITE-ONLY REGISTER 

When the CPU reads a write-only register, the read data is always 
$FF, regardless of the value in the write-only register. Therefore, be 
careful of the results of instructions which read write-only register 
and perform an arithmetic or logical operation on its contents, such 
as AIM, ADD, or ROL, 1s executed, because the arithmetic or 
logical operation is always done with the data $FF. In particulars, 
don’t use the AIM, OIM or EIM instruction to manipulate the DDR 
bit of PORT. 


@ WARNING CONCERNING POWER START-UP 

RES must be held low for at least 20 ms when the power starts up. 
In this case, the internal reset function is not effective until the 
oscillation begins at power-on. The RES signal is input to the LSI in 
synchronism with the mternal clock ¢ (shown in Figure 35.) 

Therefore, after power starts up, the LSI conditions such as its I/ 
O ports and operating mode, are unstable. Fix the level of I/O ports 
by means of an external circuit to determine the level for system 
operation during the oscillator stabilization time. 





e 
e 
HALT input 
waiting for 
interrupt P 
| interrupt occurs 





wrong vector address 
(MSB) 
wrong vector address 


(LSB) 


e 










vector fetch for interrupt 








interrupt routine 


Figure 33 MAC function during WAI 





1) MAL function ii) Recommended method 


Figure 34 Program to wait for interrupt 


internal reset 
signal 


Figure 35 RES circuit 


€ HITACHI 
170 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HD6305X2, HD63A05X2, HD63B05X2 — 
CMOS MCU (Microcomputer Unit) 


The HD6305X2 is memory expandable versions of the 
HD6305X0, which is CMOS 8-bit single chip microcomputer. A 
CPU, a clock generator, a 128-byte RAM, I/O terminals, two 
timers and a serial communication interface (SCI) are built in the 
HD6305X2. 

The HD6305X2 has the same functions as the HD6305X0’s 
except for the number of I/O terminals. The HD6305X2 is a 
microcomputer unit which includes no ROM and its memory 
space is expandable to 16k bytes externally. 


@ HARDWARE FEATURES 
e 8-bit based MCU 
e 128-bytes of RAM 
e A total of 31 terminals, including 24 I/O’s, 7 inputs 
© Two timers 
— 8-bit timer with a 7-bit prescaler (programmable prescaler, 
event counter) 
— 15-bit timer (commonly used with the SCI clock divider) 
¢ On-chip serial interface circuit (synchronized with clock) 
e Six interrupts (two external, two timer, one serial and one 


software) 
Low power dissipation modes 
— Wait..... In this mode, the clock oscillator is on and the 


CPU halts but the timer/serial/interrupt func- 
tion is operable. 
— Stop..... In this mode, the clock stops but the RAM data, 
I/O status and registers are held. 
— Standby. . In this mode, the clock stops, the RAM data is 
held, and the other internal condition ts reset. 
¢ Minimum instruction cycle time 
—HD6305X2.. .1 us (f = 1 MHz) 
—HD63A05X2. . .0.67 us (f = 1.5 MHz) 
—HD63B05X2. . .0.5 » (f= 2 MHz) 
Wide operating range 
Vcc = 3 to 6V (f=0.1 to 0.5 MHz) 
—HD6305X2. . f=0.1 to 1 MHz (Vcc = 5V + 10%) 
—HD63A05X2. f= 0.1 to 1.5 MHz (Vcc = 5V + 10%) 
—HD63B05X2. f=0.1 to 2 MHz (Vcc = 5V + 10%) 


HD6305X2P, HD63A05X2P, 
HD63B05X2P 


(DP-64S) 


HD6305X2F, HD63A05X2F, 
HD63B05X2F 





@ SOFTWARE FEATURES 

¢ Similar to HD6800 

e Byte efficient instruction set 

¢ Powerful bit manipulation instructions (Bit Set, Bit Clear, and 
Bit Test and Branch usable for all RAM bits and all I/O termi- 
nals) 

¢ A variety of interrupt operations 

e Index addressing mode useful for table processing 

¢ A variety of conditional branch instructions 

e Ten powerful addressing modes 

e Alladdressing modes adaptable to RAM, and I/O instructions 

e Three new instructions, STOP, WAIT and DAA, added to the 
HD6805 family instruction set 


@ PROGRAM DEVELOPMENT SUPPORT TOOLS 

e Cross assembler software for use with IBM PCs and compati- 
bles 

e jn circuit emulator for use with IBM PCs and compatibles 
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@ PIN ARRANGEMENT 
¢ HD6305X2P, HD63A05X2P, HD63B05X2P 


(Top View) 


172 





¢ HD6305X2F, HD63A05X2F, HD63B05X2F 


}64) NUM 


TIMER] 1 
A, 2| 
Aol 3] 
As[ 4) 
Aal 5) 
A3l 6 | 
a7] 
A{ 8 | 
Aol| 9 | 
B [10] 
Bef11| 
Bs] 12] 
Bafta, 
B3{14| 
B2 [15] 
Bi [16] 
Bof 17] 

C1/Tx U8) 

C,/Rx] 19) 


Cs/EK [20 


@ HITACHI 


63, EXTAL 


62] XTAL 
161|/STBY 
60] iNT 
SO} RES 
158} Vss 
157] DATA, 


Ca[ 21] 
C3] 22] 
C2] 23] 
C1 [24] 
Co} 25) 


(Top View) 


156] DATA, 


Vec[26] 
0, | 27] 
D.| 28] 


|54] DATA; 
153] DATA, 
[52] DATA; 


| 55] DATA? 


151] DATAg 
150} DATA, 
|49] € 

148] R/W 
[47] ADRi5 
}46] ADR,, 
45) ADR,, 
[44] AOR, 
[43] ADR, 
[42] ADRs 
|417 ADR, 
| 40] ADR, 
| 39] AOR, 
| 38 | AOR, 
137] ADR, 
136] ADR? 
35 | AOR, 
134] ADR» 
[33] 0, 


D3[ 29) 
D, [30] 
Ds [31 


De/ IN T2|32. 
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® BLOCK DIAGRAM 


XTAL EXTAL et R/w 







Miscella- 
neous 
Register 


TIMER Prescaler Timer/ 
7 8 Counter 
Ao 














Accumulator 







































es 8 A 0 
A, 5 © ’ 
V9 & Pp 
Port A A; as] oe Index a e ' O,/INT, 
We) A; ~ S16 > oun 8 Register ontro os 0, 
Terminals a, SFist Cre ee ee 0. Port O 
As ajes Condition Code of D 
A Oo: Re a 2 Input 
‘a = gister & 0, 
A, 5 cc D, Terminals 
Stack 
6 Pointer sp 
B Program 
8, . 5 Counter AOA, 
Port B : os © 2 6 “High” ecu ALU 7 ADA,, 
1/0 3 ~wlOe Sea Program 2 AOR,, 
Terminals 8 of] of Counter ‘5 AOR 
8, Cac las 8 “Low” PCL = ADR, 
By — = 3 AOR, 
8, bs AOR, 
rd AOR, 
5 AOR, 
0 AOR, 
< AOR, 
Port C os : peti 
/0 os;fs 4096 x8 128x8 pel 
Terminals re1Ce ROM RAM 
2 ef} 2% 
CCK a6 
Co/Rx Fae £ 
CifTx | * No internal ROM in HD6305X2 oes 
DATA, 
ae DATA, 
a2 DATA, 
< . DATA; 
Control 6% DATA, 
Register DATA, 
Data DATA, 
Register Serial 
Status 





Register 
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® ABSOLUTE MAXIMUM RATINGS 








Supply Voltage Vec -0.3 ~ +7.0 V 
Input Voltage Vig -0.3~ Vec + 0.3 V 
Operating Temperature Tepe i. 0 ~ +70 "C 
Storage Temperature Tig -55 ~ +150 °C 


[NOTE] These products have a protection circuit in their input terminals against high electrostatic voltage or high electric fields Notwithstanding, 
be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circutts To assure normal 
operation, we recommended Vin, Vout: Vss S (Vin Of Vout) S$ Vec 


@® ELECTRICAL CHARACTERISTICS 
® DC CHARACTERISTICS (Vcc = 5.0V £10%, Vsg = GND, Ta = 0 ~ +70°C, unless otherwise noted.) 


ot 
< 
Ae) 
Cc 
S 
=. 

































RES, STBY Voc-05 |. = | 
Input “High” Voltage Vig Me eel V 
Other Inputs ; : 
Input ‘‘Low” Voltage | All Inputs Vie : V 
Output ‘‘High” Voltage} All Outputs Von - fee V 
Output “‘Low” Voltage| All Outputs VoL Vv 
TIMER, INT, - 
Input Leakage Current D, ~ Do, STBY . ae 
Ao ~ Az, Bo ~ Bo, Vin=0.5 oS Vec-0.5 
Three-state Current Co ~ C7, ADRo ~ ADR3",; II rs LA 
DAT Ag~ DATA,, E*,R/W* 
ae mh 
Current Dissipation ** lec f = 1MHz"** eee vole 
2 LA 
Standby 2 LA 
input Capacitance All Terminals Cin | f= 1MHz, Vin =0V | - | 12 | pF 





* Only at standby 
** Ving min = Voc-1 OV, Vit max = 0 BV 
*** The value at f = x MHz 1s given by using 
loc (f = xMHz) = Ioc (f = MHz) x x 


@ AC CHARACTERISTICS (Vcc = 5.0V+10%, Vsg = GND, Ta = 0 ~ +70°C, unless otherwise noted.) 


Item Symbol rest Unit 
Condition max typ | max | min | typ | max | 
Cycle Time 0 REL. 

Enable Rise Time tee. | = 


Enable Fall Time ter 
Enable Pulse Width("High” Level) PWey 
Enable Pulse Width(‘‘Low’”’ Level)| PWe 
Address Delay Time 

~ Address Hold Time _ 

~ Data Delay Time 
Data Hold Time (Write) 
Data Set-up Time (Read) 

~ Data Hold Time (Read) 
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® PORT TIMING (Vcc = 5.0V+10%, Vss = GND, Ta = 0 ~ +70°C, unless otherwise noted.) 












Test 


Item 
Condition 









Port Data Set-up Time 

(Port A,B, C, D) 

Port Data Hold Time 

(Port A, B, C, D) 

Port Data Delay Time 
(Port A, B, C) 



























Test 
























































It - 

ta Symbol | Condition min | typ | max | min | typ | max mau 

INT Pulse Width tiwLe ns 
eureraee: 4. ts 

INT, Pulse Width tiwL2 ns 
RES Pulse Width a tawL teye 
Control Set-up Time tes Pee ns 
Timer Pulse Width trwe = ns 
Oscillation Start Time (Crystal) tosc L220 ms 
Reset Delay Time a tan ic | -— | = | ms 


*C, = 22pF +20%, Ry = 602 max. 





@ SCI TIMING (Vcc = 5.0V£10%, Vgg= GND, Ta = 0 ~ +70°C, unless otherwise noted.) 


Test HD6305X2 HD63A05X2 HD63B05X2 
Item Symbol Unit 
Condition “mn | typ | max 


(oo) 
fo) 
~~ 
RO 
fee) 
& 
o2) 
—> 
& 
> 


Clock Cycle tscyc | 1 | — |32768) 0. Us 

Data Output Delay Time Fig 6, pF - | - | 250 | - | - | 250 PF - | = | 250 ns 

Data Hold Time oo | — | — [roof — [| - [of = f= fo 
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teye 


E 2 4V+- 
PWet PWen 
0 6V-4- 
— te, tet 
tao tan 


Aeoek 2 4V | 
ee 4 Address Valid » 
RY 0 6V 


tow tuw 
MCU Write d 2 4V Data ) 
DATA g ~ DATA; 0 6V Valid 


tosr 










2 OV 


MCU Read 
DATAg ~ DATA, 


Data Valid 






0.8V 
Figure 1 Bus Timing 





E E 
0 6V 
Port Port 
A,B,C, --AX¥O08V_ Valid - A,B,C 0.6V Valid 
Figure 2 Port Data Set-up and Hold Times Figure 3 Port Data Delay Time (MCU Write) 
(MCU Read) 
Interrupt 
Test 
: Pe et aa eee Lae ee ee ee eG] 
Address 
Bus Og Code OpCode init = SP SP-1 SPD SP-3 SP-d Vector Vector New PC 
Address Address +}! MSB~ LSB Address 
INT INT> PC Address Address 
; nee 
PC? 
Data Bus 
Op Operand irrelevant PCgs~ IX ACC CC _ Vector Vector First Inst of 
Code Op Code Data MS 


PC13 Address Address Interrupt Routine 
R/W \ / 


Figure 4 Interrupt Sequence 
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ems eae 
E 
5 ev aeeigy 
Vee 45V 
Sa eee tosc 
STBY Veo-05V.. Vec—0 5V 
RES Vec—0 5V 


MMM 1FFF FFF On a os && OP Ge TFFE FFF New PC KX — 


R/W TL WL WT 








Figure5 Reset Timing 


tScyc 
Clock Output 7 aV eee 
C5/CK 0 6V joy ae 
ttxp 
Data Output 2 AV a 





tsrx 





turx 
Data Input 
C6/RxX 
Figure6 SCI Timing (internal Clock) 
tscyo ——---—-— 
—_—_—_—_—_—_—_—_—_—_— 
Clock !nput 2 OV 
Cs/CK 0 8V 0 8V 0 8V 
ttxo 
{pene eteesceemnenseemeerenane 
Data Output 2 AV 
C7/TX \ 0 6V 
rr ie 
tsrx tix 
Data Input 
C6/Rx 





Figure7 SCI Timing(External Clock) 
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Vec 
TTL Load 
(Port) loc=1 6BmA 2 4kQ 
Test point ape ee 


terminal 





[NOTES] 1. The load capacitance includes stray capacitance caused 
by the probe, etc 
2. All diodes are 182074 ® 


Figure 8 Test Load 


# DESCRIPTION OF TERMINAL FUNCTIONS 
The input and output signals of the MCU are described 
here. 


°Vcc. Vss ; 
Voltage is applied to the MCU through these two terminals. 


Vcc 1s 5.0V + 10%, while Vsg 1s grounded. 


eo INT, INT2 
External interrupt request inputs to the MCU. For details, 
refer to “INTERRUPT” The INT, terminal 1s also used as 
the port Dg terminal 


eXTAL, EXTAL 
These terminals provide input to the on-chip clock circuit. 
A crystal oscillator (AT cut, 2.0 to 8.0 MHz) or ceramic 
filter is connected to the terminal. Refer to “INTERNAL 
OSCILLATOR” for using these input terminals. 


e TIMER 
This is an input terminal for event counter. Refer to 
“TIMER” for details. 


e 
mi 
ca 


Jsed to reset the MCU. Refer to “RESET” for details. 


e NUM 

This terminal is not for user application. In case of the 
HD6305X1, this terminal should be connected to Vcc 
through 10kQ resistance. In case of the HD6305X2, this 
terminal should be connected to Vss. 


e Enable (E) 

This output terminal supplies E clock. Output is a single- 
phase, TTL compatible and 1/4 crystal oscillation frequency 
or 1/4 external clock frequency. It can drive one TTL load 
and a 90pF condenser. 


e Read/Write (R/W) 








e Data Bus (DATA, ~ DATA.) 
This TTL compatible three-state buffer can drive one TTL 
load and 90pF. 


e Address Bus (ADR, ~ ADR 13) 
Each terminal 1s TTL compatible and can drive one TTL 
load and 90pF. 


e Input/Output Terminals (Ao ~ A7, Bo ~ B7, Co ~ C,) 
These 24 terminals consist of three 8-bit I/O ports (A, B.C). 
Each of them can be used as an input or output terminal on 


a bit through program control of the data direction register. 
For details, refer to “I/O PORTS.”’ 


e Input Terminals (D1 ~ D7) 

These seven input-only terminals are TTL or CMOS com- 
patible. Of the port D’s, De 1s also used as INT2. If De is 
used as a port, the INT2 interrupt mask bit of the miscellane- 
ous register must be set to “1” to prevent an INT2 interrupt 
from being accidentally accepted. 





eSTBY 
This terminal is used to place the MCU into the standby 
mode. With STBY at ‘‘Low” level, the oscillation stops and 
the imternal condition 1s reset. For details, refer to “Stand- 
by Mode.” 


The terminals described in the following are I/O pins for 
serial communication interface (SCI). They are also used as 
ports C,;, Cg and C,. For details, refer to “SERIAL COM- 
MUNICATION INTERFACE.” 


eCK (Cs) 
Used to input or output clocks for serial operation. 


e Rx (Ce) 
Used to receive serial data. 


@Tx (C7) 
Used to transmit serial data. 


@=MEMORY MAP 

The memory map of the MCU is shown in Fig. 9. $1000 ~ 
SIFFF of the HD6305X2 are external addresses. However, 
care should be taken to assign vector addresses to $1FF6 ~ 
SIFFF. During interrupt processing, the contents of the CPU 
registers are saved into the stack in the sequence shown in 
Fig. 10. This saving begins with the lower byte (PCL) of the 
program counter. Then the value of the stack pointer is 
decremented and the higher byte (PCH) of the program 
counter, index register (X), accumulator (A) and condition 
code register (CC) are stacked in that order. In a subroutine 
call, only the contents of the program counter (PCH and PCL) 
are stacked. 


This TTL compatible output signal indicates to peripheral 

and memory devices whether MCU 1s in Read (“High’’), or 

in Write (‘‘Low’’) The normal standby state 1s Read (“High’’) 
Its output can drive one TTL load and a 90pF condenser. 
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O|_ PORT A_|$00 
l $01 
21_PORT C__}$02 
31 PORT D__|$03"° 
al" Port a oon |$04° 
5[ PORT B DDR |S05* 
6{_PoRT c DDR |$06" 
8[ Timer Data Reg |$08 
External 2 $09 
Vo} Misc Reg _|$0A 


Memory Space 


Not Used 


16[ Sci CTAL Reg |$10 
17 -scrsts Reg $11 
18[ Scr Date Rea _1$12 


Not Used 
31 $1F 
External 32 External $20 
Memory Space Memory Space $76 






* Write only register 


16383 $3FFF ** Read only register 


* ROM area ($1000 ~ $1F FF) in the HD6305X2 
is changed into External Memory Space 


Figure 9 Memory Map of MCU 


Pull 













Condition 
Code Register nt 
Index Register 


* In a subroutine call, only PCL and PCH are stacked. 


n+2 


n+3 


n+4 


n+5 
Push 


Figure 10 Sequence of Interrupt Stacking 
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@REGISTERS 
There are five registers which the programmer can operate. 


Accumulator 


ea aes 

7 O 
Register 

13 0 
Fe Oe 
Counter 


13 6 5 0 
fOfofofofofofs [sf SP Bainter 


Condition 
Code 
Register 


ane 


Zero 






Negative 


Interrupt 
Mask 
Half 
Carry 


Figure 11 Programming Model 


e Accumulator (A) 
This accumulator is an ordinary 8-bit register which holds 
operands or the result of arithmetic operation or data process- 
ing. 





e Index Register (X) 

The index register 1s an 8-bit register, and 1s used for index 
addressing mode. Each of the addresses contained in the 
register consists of 8 bits which, combined with an offset 
value, provides an effective address. 

In the case of a read/modify/write instruction, the index 
register can be used like an accumulator to hold operation 
data or the result of operation. 

If not used in the index addressing mode, the register can 
be used to store data temporarily. 


e Program Counter (PC) 
The program counter 1s a 14-bit register that contains the 
address of the next instruction to be executed. 


e Stack Pointer (SP) 

The stack pointer is a 14-bit register that indicates the ad- 
dress of the next stacking space. Just after reset, the stack 
pointer is set at address S$OOFF. It is decremented when data 
is pushed, and incremented when pulled. The upper 8 bits 
of the stack pointer are fixed to 00000011. During the MCU 
being reset or during a reset stack pointer (RSP) instruction, 
the pointer is set to address $OOFF. Since a subroutine or 
interrupt can use space up to address $00C1 for stacking, the 
subroutine can be used up to 31 levels and the interrupt up 
to 12 levels. 


e Condition Code Register (CC) 
The condition code register is a 5-bit register, each bit 
indicating the result of the instruction just executed. The 
bits can be individually tested by conditional branch instruc- 
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tions. The CC bits are as follows. Of these six interrupts, the INT2 and TIMER or the SCI 


Half Carry (H): Used to indicate that a carry occurred be- and TIMER2 generate the same vector address, respectively. 


t bits 3 and 4 during an arithmetic oper- When an interrupt occurs, the program in progress stops 
apa yeas ADC). 6 ee and the then CPU status 1s saved onto the stack. And then, 


the interrupt mask bit (I) of the condition code register is 
set and the start address of the interrupt processing routine 
is obtained from a particular interrupt vector address. Then 
the interrupt routine starts from the start address. System 
can exit from the interrupt routine by an RTI instruction. 
cally, it will enter the interrupt processing When this instruction 1s executed, the CPU status before 
routine after the instruction following the the interrupt (saved onto the stack) 1s pulled and the CPU 
CLI has been executed.) restarts the sequence with the instruction next to the one at 
Negative (N): Used to indicate that the result of the most which the interrupt occurred. Table 1 lists the priority of 


recent arithmetic operation, logical operation interrupts and their vector addresses. 


or data processing is negative (bit 7 is logic 
“yy P B B ( 6 Table 1 Priority of Interrupts 


Zero (Z): Used to indicate that the result of the most 


recent arithmetic operation, logical operation 
or data processing 1s zero. 


Interrupt (I): Setting this bit causes all interrupts, except 
a software interrupt, to be masked. If an 
interrupt occurs with the bit I set, it 1s 
latched. It will be processed the instant 
the interrupt mask bit is reset. (More specifi- 





Vector Address 













Interrupt 





SIFFE, $1FFF 


Carry/ Represents a carry or borrow that occurred cones tira copes rnems 
Borrow (C): in the most recent arithmetic operation This SWI $1FFC, $1FFD 
bit 1s also affected by the Bit Test and Branch ee reas Sa 
instruction and a Rotate instruction INT 3 SIFFA, S1FFB 





retire etrtenteetanrretin mere 





SiFF8, $1FF9 
S1FF6, $1FF7 


® INTERRUPT 
There are six different types of interrupt. external. inter- 
rupts (INT, INT2), internal timer interrupts (TIMER, 
TIMERz ), serial interrupt (SCI) and interrupt by an instruc- 
tion (SWI). 






SCI/TIME R2 






A flowchart of the interrupt sequence is shown in Fig. 12. 


A block diagram of the interrupt request source 1s shown in 
Fig. 13 





1->] 
$FF +SP 

O +DDR's 

CLR INT Logic 

SFF --TDR 

$7F -+-Timer Prescaler 
$50--TCR 
$3F-+SSR 

$00 -+SCR 

$7F -MR 


Load PC From 
Reset $1FFE, $1FFF 









Fetch 
Instruction 














Stack 
PC, X,A, CC 









Load PC Fram 
SWI! $IFFC $1FFO 
INT SIFFA $IFFB 
TIMER SIFFB $IFFO 
INT, $1FFB SIFFO 
SCI $IFFG SIFF7 
TIMER? SIFFE GIFF7 | 










Figure 12 Interrupt Flow Chart 
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In the block diagram, both the external interrupts INT and 
INT2 are edge trigger inputs. At the falling edge of each input, 
an interrupt request is generated and latched. The INT inter- 
rupt request is automatically cleared if jumping is made to 
the INT processing routine. Meanwhile, the INT2 request is 
cleared if ‘‘0’’ is written in bit 7 of the miscellaneous register. 

For the external interrupts (INT, INT2), internal timer 
interrupts (TIMER, TIMER2) and senal interrupt (SCI), each 
interrupt request is held, but not processed, if the I bit of the 
condition code register is set. Immediately after the I bit is 
cleared, the corresponding interrupt processing starts accord- 
ing to the pnonty. 

The INT2z interrupt can be masked by setting bit 6 of the 
miscellaneous register; the TIMER interrupt by setting bit 6 
of the timer control register; the SCI interrupt by setting bit 
5 of the serial status register; and the TIMER? interrupt by 
setting bit 4 of the serial status register. 

The status of the INT terminal can be tested by a BIL or 
BIH instruction. The INT falling edge detector circuit and 
its latching circuit are independent of testing by these instruc- 
tions. This is also true with the status of the INT2 terminal. 








e Miscellaneous Register (MR; $000A) 

The interrupt vector address for the external interrupt 
INT2 is the same as that for the TIMER interrupt, as shown 
in Table 1. For this reason, a special register called the miscel- 
laneous register (MR; $000A) 1s available to control the 
INT2 interrupts. 





HD6305X2, HD63A05X2, HD63B05X2 





Bit 7 of this register is the INT2 interrupt request flag. 
When the falling edge is detected at the INT2 terminal, “1” 
is set in bit 7. Then the software in the interrupt routine 
(vector addresses: $1FF8, $1FF9) checks bit 7 to see if it 
is INT2 interrupt. Bit 7 can be reset by software. 





Miscellaneous Register (MR ;$000A) 
4 





nterrupt Mask 
nterrupt Request Flag 


INT2 


Miscellaneous Register (MR; $000A) 


Bit 6 is the INT2 interrupt mask bit. If this bit is set to “1”, 
then the INT2 interrupt is disabled. Both read and write are 
possible with bit 7 but “1” cannot be written in this bit by 
software. This means that an interrupt request by software 
is impossible. 

When reset, bit 7 is cleared to ‘‘0”’ and bit 6 is set to “1” 


STIMER 
Figure 14 shows a MCU timer block diagram. The timer 
data register is loaded by software and, upon receipt of a 
clock input, begins to count down. When the timer data 


Vectoring generated 
SIFFA, $1F FB 


BIH/BIL Test 


INT Inter- 
rupt Latch 


aes 
| 


Falling Edge Detector 


z= 


| 


Y 


2 
4 


Miscellaneous 
Register (MR) 


Cun 


2 
nN 


NY 


INT 


Condition Code Register (CC) 


bee 


interrupt Control 
Circuit 


SO INT2 
Pans 2 


Timer Control 
Register (TCR) 


> 


TIMER 


Vectoring generated 
$1FF8, $1F FS 


TIMER 


Serial Status 
Register (SSR) 


SCI TIMER2 


SC\ 


Figure 13 





Vectoring generated 
$1FF6, $1FF7 


Interrupt Request Generation Circuitry 
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register (TDR) becomes ‘0’, the timer interrupt request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt request, the CPU saves its status into the stack 
and fetches timer interrupt routine address from addresses 
$1FF8 and $1FF9 and execute the interrupt routine. The 
timer interrupt can be masked by setting the timer interrupt 
mask bit (bit 6) in the timer control register. The mask bit 
(1) in the condition code register, can also mask the timer 
interrupt. 

The source clock to the timer can be either an external 
signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). If the E signal is used as 
the source, the clock input can be gated by the input to the 
timer input terminal. 

Once the timer count has reached “0”, it starts counting 
down with “$FF”. The count can be monitored whenever 
desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence of a timer interrupt, without disturbing the con- 
tents of the counter. 

When the MCU is reset, both the prescaler and counter are 
initialized to logic “1”. The timer interrupt request bit 


(bit 7) then is cleared and the timer interrupt mask bit (bit 
6) is set. 

To clear the timer interrupt request bit (bit dD, it is neces- 
sary to write “0”’ in that bits 






Absent 





Present 












Timer interrupt mask 





Enabled 


Disabied 


(Internal 


Clock) 
oe D 


- Prescaler 


&S 
TIMER 
- <a 


Terminal 







Timer Data 
Register 





(TDR, $0008) 


e Timer Control Register (TCR; $0009) 

Selection of a clock source, selection of a prescaler fre- 
quency division ratio, and a timer interrupt can be controlled 
by the timer control register (TCR; $0009). 

For the selection of a clock source, any one of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 


Timer Control Register (TCR; $0009) 


7 6 5 4 3 2 1 O 
TCR7 TCRAITCR3ITCR2 TCRO 
ed ee yr 
tL Prescaler division ratio selection 
Prescaler initialize 
Clock input source 


Timer interrupt mask 
Timer interrupt request 






After reset, the TCR 1s initialized to “E under timer termi- 
nal control” (bit 5 = 0, bit 4 = 1). If the timer terminal is 
‘1°’, the counter starts counting down with “$FF” immediate- 
ly after reset. 

When “1” is written in bit 3, the prescaler 1s initialized. 
This bit always shows “‘O” when read. 


Table 2 Clock Source Selection 


TCR 
ice Clock input source 
Po Internal clock E 
0 E under timer terminal control 
1 No clock input (counting stopped) 


Event input from timer terminal 


Initialize 


A Timer Control 
Register 


(TCR,$0009 ) 


TCR7ITCREITCRS TCR3 TCRO 


8-Bit Counter 
Clock Input Timer Interrupt 


Write Read 


Figure 14 Timer Block Diagram 
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A prescaler division ratio is selected by the combination of A timer interrupt is enabled when the timer interrupt mask 
three bits (bits 0, 1 and 2) of the timer control register (see bit is “0”, and disabled when the bit is “1”. When a timer 
Table 3). There are eight different division ratios: +1, +2, +4, interrupt occurs, “1” is set in the timer interrupt request bit. 
+8, +16, +32, +64 and +128. After reset, the TCR is set to the This bit can be cleared by writing ‘‘0” in that bit. 
+1 mode. 


SSERIAL COMMUNICATION INTERFACE (SCI) 
Table 3. Prescaler Division Ratio Selection This interface is used for serial transmission or reception 
of 8-bit data. Sixteen transfer rates are available in the range 








TCR from | us to approx. 32 ms (for oscillation at 4 MHz). 
Prescaler division ratio The SCI consists of three registers, one octal counter and 
Bit 2 Bit 0 one prescaler. (See Fig. 15.) SCl communicates with the CPU 
0 MER +1 via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. Described below are the operations of 
0 Foo fa | +2 each register and data transfer. 
Ee 4 
; a a : ®SCi Control Register (SCR; $0010) 
1 {| oj} o | +16 
7 6 5 4 3 2 1 @) 
ese a noon ono 
es SCR7|SCR6jSCRS5 |SCR4 [SC 
rj rfo | +64 = 
SCI Control Registers (SCR; 0010) 
SCR7 | SCR6j]SCR5/| SCR4| SCR3}{ SCR2} SCR1} SCRO E 
| Transfer 
Multi-} Pre- 
eee en aaa 
Cs(CK) f 
s(CK) ! S 4 P 
' SCI Data Registers (\ aatal = 
‘ 
i (SOR: $0012) Gaunt 
7 3 5 4 3 2 . 1 “6 Initialize 
H ' 
' 
C7(Tx) ' : aera: 
' ' 
es eete J 


SZ 
SCI Status Registers 
Re seen is eae 


Cena 


Not Used 


SCI/TIME R2 


Figure 15 SCI Block Diagram 
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C, terminal 
Used as I/O terminal (by DDR). 


Serial data output (DDR output) 





C, terminal 


Used as 1/O terminal (by DDR). 






Serial data input (DDR input) 


C, terminal 


Used as I/O terminal (by 
DDR). 


Clock output (DDR output) 





Internal 


External 














Clock input (DDR input) 





Bit 7 (SCR7) 
When this bit is set, the DDR corresponding to the C, 
becomes “‘1”’ and this terminal serves for output of SCI data. 
After reset, the bit is cleared to “0” 


Bit 6 (SCR6) 
When this bit is set, the DDR corresponding to the C, 
becomes ‘“‘0”’ and this terminal serves for input of SCI data. 
After reset, the bit is cleared to ‘‘0”’. 


Bits 5 and 4 (SCRS, SCR4) 
These bits are used to select a clock source. After reset, 
the bits are cleared to ‘‘0” 


Bits 3~ 0 (SCR3 ~ SCRO) 


These bits are used to select a transfer clock rate. After 
reset, the bits are cleared to ‘‘0”’. 


SCR2 


















Transfer clock rate 


R pee ee 
Rene 4.00 MHz 4.194 MHz 





2 
32768 us 


0 1 ps 

0 2 US 1.91 us 
0 4 us 3.82 us 
0 8 us 7 64 us 
é 

1 


@SCI! Data Register (SDR; $0012) 
A serial-parallel conversion register that is used for transfer 
of data. 


@SCI Status Register (SSR; $0011) 


3 2 1 QO 


offer DDK 


Bit 7 (SSR7) 

Bit 7 is the SCI interrupt request bit which is set upon 
completion of transmitting or receiving 8-bit data. It is 
cleared when reset or data is written to or read from the 
SCI data register with the SCRS=“1”. The bit can also be 
cleared by writing ‘‘O” in it. 


Bit 6 (SSR6) 

Bit 6 is the TIMER, interrupt request bit. TIMER, is used 
commonly with the serial clock generator, and SSR6 is set 
each time the internal transfer clock falls. When reset, the 
bit is cleared. It also be cleared by writing “0” in it. (For 
details, see TIMER; .) 


Bit 5 (SSRS) 
Bit 5S 1s the SCI interrupt mask bit which can be set or 
cleared by software. When it is “1”, the SCI interrupt (SSR7) 
is masked When reset, it is set to “1”’. 


Bit 4 (SSR4) 
Bit 4 is the TIMER, interrupt mask bit which can be set 
or cleared by software. When the bit 1s “1”, the TIMER, 
interrupt (SSR6) 1s masked. When reset, it is set to ‘‘1”’. 


Bit 3 (SSR3) 
When “1” 1s written in this bit, the prescaler of the transfer 
clock generator is initialized. When read, the bit always is ‘‘0”’. 


Bits 2 ~ 0 
Not used. 













SCI interrupt request 
Absent 






Present 


Absent == 





Present 


SCI interrupt mask 
Enabled 


Disabled 








TIMER, interrupt mask 
Enabled 


Disabled 








e Data Transmission 


By writing the desired control bits into the SCI control 
registers, a transfer rate and a source of transfer clock are 
determined and bits 7 and 5 of port C are set at the serial 
data output terminal and the serial clock terminal, respec- 
tively. The transmit data should be stored from the accumu- 
lator or index register into the SCI data register. The data 
written in the SCI data register 1s output from the C,/Tx 
terminal, starting with the LSB, synchronously with the 
falling edge of the serial clock. (See Fig. 16.) When 8 bit of 
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data have been transmitted, the interrupt request bit is set in 
bit 7 of the SCI status register with the rising edge of the last 
serial clock. This request can be masked by setting bit 5S of the 
SCI status register. Once the data has been sent, the 8th bit 
data (MSB) stays at the C7/Tx terminal. If an external clock 
source has been selected, the transfer rate determined by 
bits 0 ~ 3 of the SCI control register is ignored, and the Cs/ 
CK terminal is set as input. If the internal clock has been 
selected, the Cs/CK terminal is set as output and clocks are 
output at the transfer rate selected by bits 0 ~ 3 of the SCI 
control register. 


Serial Clack (C,/TR) 







input Osta Latch oe th Me Te a 
Taming (Cg/Rx) 
Figure 16 SCI Timing Chart 


e Data Reception 

By writing the desired control bits into the SCI control 
register, a transfer rate and a source of transfer clock are de- 
termined and bit 6 and 5 of port C are set at the serial data 
input terminal and the serial clock terminal, respectively. 
Then dummy-writing or -reading the SCI data register, the 
system is ready for receiving data. (This procedure is not 
needed after reading subsequent received data. It must be taken 
after reset and after not reading subsequent received data. 

The data from the C,/Rx terminal is input to the SCI 
data register synchronously with the rising edge of the 
serial clock (see Fig. 16). When 8 bits of data have been re- 
ceived, the interrupt request bit is set in bit 7 of the SCI 
status register. This request can be masked by setting bit 5 
of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits 0 ~ 3 of the SCI 
control register is ignored and the data is received synchro- 
nously with the clock from the C, /CK terminal. If the internal 
clock has been selected, the C;/CK terminal is set as output 
and clocks are output at the transfer rate selected by bits 0 ~ 
3 of the SCI control register. 


e TIMER2 

The SCI transfer clock generator can be used as a timer. 
The clock selected by bits 3 ~ 0 of the SCI control register 
(4 us ~ approx. 32 ms (for oscillation at 4 MHz)) is input to 
bit 6 of the SCI status register and the TIMER2 interrupt 
request bit is set at each falling edge of the clock. Since inter- 
rupt requests occur periodically, TIMER2 can be used as a 
reload counter or clock. 


® @@® @® 


ee | 


: Transfer clock generator is reset and mask bit (bit 4 
of SCI status register) is cleared. 

: TIMER2 interrupt request 

: TIMER? interrupt request bit cleared 
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TIMER2 is commonly used with the SCI transfer clock 
generator. If wanting to use TIMER2 independently of the 
SCI, specify “External” (SCR5 = 1, SCR4 = 1) as the SCI 
clock source. 

If “Internal” is selected as the clock source, reading or 
writing the SDR causes the prescaler of the transfer clock 
generator to be initialized. 


#1/O PORTS 


There are 24 input/output terminals (ports A, B, C). Each 
I/O terminal can be selected for either input or output by the 
data direction register. More specifically, an I/O port will 
be input if “O” is written in the data direction register, and 
output if “1” is written in the data direction register. Port A, 
B or C reads latched data if it has been programmed as output, 
even with the output level being fluctuated by the output 
load. (See Fig. 17.) 

When reset, the data direction register and data register go 
to “0” and all the input/output terminals are used as input. 


Date 
Oirection 
Register 














Bit of data 
direction 
register 








Status of 


Figure 17 Input/Output Port Diagram 


Input to 
CPU 






Seven input-only terminals are available (port D). Writing 
to an input terminal is invalid. 

All input/output terminals and input terminals are TTL 
compatible and CMOS compatible in respect of both input and 
output. 

If 1/O ports or input ports are not used, they should be 
connected to Vsg via resistors. With none connected to these 
terminals, there is the possibility of power being consumed 
despite that they are not used. 


@RESET 


The MCU can be reset either by external reset input (RES) 
or power-on reset. (See Fig. 18.) On power up, the reset 
input must be held “Low” for at least togc to assure that the 
internal oscillator is stabilized. A sufficient time of delay can 
be obtained by connecting a capacitance to the RES input as 
shown in Fig. 19. 
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Terminal 


Internal 
Reset 


Figure 18 Power On and Reset Timing 








100k2 typ 





Vcc 





HD6305xX 
MCU 


Figure 19 Input Reset Delay Circuit 


SINTERNAL OSCILLATOR 


The internal oscillator circuit 1s designed to meet the 













EXTAL 






HD6305X 
MCU 


2 0~8 OMHzC—_) XTAL 





10~22pF + 20% 


Crystal Oscillator 
EXTAL 


xTAL HD6305x 
MCU 


External Ceramic Oscillator 
Clock 


Input JEXTAL 


XTAL HD6305X 
MCU 


External Clock Drive 


Figure 20 Internal Oscillator Circuit 





requirement for minimum external configurations. It can be 
driven by connecting a crystal (AT cut 2.0 ~ 8.0MHz) or 
ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 

Three different terminal connections are shown in Fig. 20. 
Figs. 21 and 22 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 


Ci AT Cut 
bra — Parallel 
L Rs Resonance 
Co=7pF max. 
XTAL Co EXTAL f=2.0~8 OMH? 
Rs=602 max 


Figure 21 Parameters of Crystal 


(a) (b) 

NOFA 

O—COV AD Crystal 
oY) 









Ct 






Crystal 


{NOTE] Use as short wirings as possible for connection of the crystal 
with the EXTAL and XTAL terminals. Do not allow these 
wirings to cross others. 


Figure 22 Typical Crystal Arrangement 


=LOW POWER DISSIPATION MODE 
The HD6305X has three low power dissipation modes: 
wait, stop and standby. 


e Wait Mode 

When WAIT instruction being executed, the MCU enters 
into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions — the timer and the serial communication inter- 
face — stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and I/O 
terminals hold their condition just before entering into the 
wait mode. 

The escape from this mode can be done by interrupt (INT, 
TIMER/INT2 or SCI/TIMER2), RES or STBY. The RES 
resets the MCU and the STBY brings it into the standby 
mode. (This will be mentioned later.) 

When interrupt is requested to the CPU and accepted, the 
wait mode escapes, then the CPU is brought to the operation 
mode and vectors to the interrupt routine. If the interrupt is 
masked by the I bit of the condition code register, after releas- 
ing from the wait mode the MCU executes the instruction 
next to the WAIT. If an interrupt other than the INT (ie., 
TIMER/INT2 or SCI/TIMERz2) is masked by the timer control 
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register, miscellaneous register or serial status register, there 
is no interrupt request to the CPU, so the wait mode cannot 
be released. 

Fig. 23 shows a flowchart for the wait function. 


e Stop Mode 

When STOP instruction being executed, MCU enters into 
the stop mode. In this mode, the oscillator stops and the CPU 
and peripheral functions become inactive but the RAM, 
registers and I/O terminals hold their condition just before 
entering into the stop mode. 

The escape from this mode can be done by an external 
interrupt (INT or INT2), RES or STBY. The RES resets the 
MCU and the STBY brings into the standby mode. 

When interrupt is requested to the CPU and accepted, 
the stop mode escapes, then the CPU is brought to the opera- 
tion mode and vectors to the interrupt routine. If the inter- 
rupt is masked by the I bit of the condition code register, 
after releasing from the stop mode, the MCU executes the 
instruction hext to the STOP. If the INT2 interrupt is masked 
by the miscellaneous register, there is no interrupt request to 
the MCU, so the stop mode cannot be released. 
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Fig. 24 shows a flowchart for the stop function. Fig. 25 
shows a timing chart of return to the operation mode from 
the stop mode. 

For releasing from the stop mode by an interrupt, oscilla- 
tion starts upon input of the interrupt and, after the internal 
delay time for stabilized oscillation, the CPU becomes active. 
For restarting by RES, oscillation starts when the RES goes 
“0” and the CPU restarts when the RES goes “1”. The dura- 
tion of RES=‘‘0” must exceed tosc to assure stabilized oscil- 
lation. 


e Standby Mode 
The MCU enters into the standby mode when the STBY 
terminal goes “Low”. In this mode, all operations stop and 
the internal condition is reset but the contents of the RAM are 
hold. The 1/O terminals turn to high-impedance state. The 
standby mode should escape by bringing STBY “High”. The 
CPU must be restarted by reset. The timing of input signals 
at the RES and STBY terminals is shown in Fig. 26. 
Table 4 lists the status of each parts of the MCU in each 
low power dissipation modes. Transitions between each mode 
are shown in Fig. 27. 


(Note) 

__When I bit of condition code register 1s “1” and interrupt 
(INT, TIMER/INT,, SCI/TIMER,) 1s held, MCU does not enter 
WAIT mode by the execution of WAIT instruction. 

In that case, after the 4 dummy cycles MCU executes the 
next instruction. Se wom 

In the same way, when external interrupts (INT, INT, ) are 
held at the bit I set, MCU does not enter STOP mode by the 
execution of STOP instruction. In that case, also, MCU executes 
the next instruction after the 4 dummy cycles. 
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Timer and Serial 
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All Other Clocks 
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Processor Clocks 
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Fetch ' 
Instruction 


Figure 23 Wait Mode Flow Chart 
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Stop Oscillator 
and All Clocks 
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Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Load PC from 
$1FFE, $1 FFF 


to Standby 
Mode 








Yes 





Turn on Oscillator 
Wait for Time Delay 
to Stabilize 










Load PC from 
Interrupt Vector 
Addresses 


Fetch 
Instruction 


Figure 24 Stop Mode Flow Chart 
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aT rae sue 
STOP instruction Interrupt stabilized (built-in delay time) Instructions 
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(a) Restart by Interrupt 







Time required for oscillation to become 


stabilized (toc¢) a Reset 
Start 


Figure 25 Timing Chart of Releasing from Stop Mode 


STOP instruction 
executed 











(b) Restart by Reset 


STBY 


—— pp 


t 
iY 
4 
‘ i] 
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Figure 26 Timing Chart of Releasing from Standby Mode 
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r77” 


Table 4 Status of Each Part of MCU tn Low Power Dissipation Modes 


| Condition 
Mode Start Oscil- 
CPU Scrat Register 




























0 Escape 
BAM terminal 
WAIT in- STBY, RES, INT, INT2, 

WAIT Active Stop Active Keep Keep | each interrupt request of 

Soft- struction TIMER, TIMER2, SCI 

mers STOP in- we 
STOP beacon Stop Stop Stop Keep Keep | STBY, RES, INT, INT2 
Stand- Hard- " ” Highim- | arau_.. e 
by Stop | Stop Stop Keep sedance STBY="High 
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Standby 
Mode 





Figure 27. Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 


=BIT MANIPULATION 

The MCU can use a single instruction (BSET or BCLR) to 
set or clear one bit of the RAM or an I/O port (except the 
write-only registers such as the data direction register). Every 
bit of memory or I/O within page 0 ($00 ~ $FF) can be tested 
by the BRSET or BRCLR instruction, depending on the result 
of the test, the program can branch to required destinations 
Since bits in the RAM, or I/O can be manipulated, the user 
may use a bit within the RAM as a flag or handle a single I/O 
bit as an independent I/O terminal. Fig 28 shows an example 
of bit manipulation and the validity of test instructions In 
the example, the program 1s configured assuming that bit 0 
of port A is connected to a zero cross detector circuit and 
bit 1 of the same port to the trigger of a triac 

The program shown can activate the triac within a time of 
10us from zero-crossing through the use of only 7 bytes on 
the ROM. The on-chip timer provides a required time of 
delay and pulse width modulation of power is also possible. 


BRCLR 0, PORT A, SELF 1 
BSET 1,PORTA 
BCLR 1,PORT A 


SELF 1 


Figure 28 Example of Bit Manipulation 


#® ADDRESSING MODES 
Ten different addressing modes are available to the MCU 


e Immediate 
See Fig. 29. The immediate addressing mode provides 
access to a constant which does not vary during execution of 
the program. 
This access requires an instruction length of 2 bytes. The 
effective address (EA) 1s PC and the operand is fetched from 


the byte that follows the operation code 


e Direct 


See Fig. 30. In the direct addressing mode, the address of 
the operand 1s contained in the 2nd byte of the instruction 
The user can gain direct access to memory up to the lower 
255th address All RAM and I/O registers are on page 0 of ad- 
dress space so that the direct addressing mode may be utilized. 


e Extended 


See Fig. 31. The extended addressing 1s used for referenc- 
ing to all addresses of memory. The EA 1s the contents of 
the 2 bytes that follow the operation code An extended 
addressing instruction requires a length of 3 bytes 


e Relative 


See Fig. 32. The relative addressing mode is used with 
branch instructions only. When a branch occurs, the program 
counter 1s loaded with the contents of the byte following the 
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a 
signed 8-bit data following the operation code. If no branch 
occurs, Rel = 0. When a branch occurs, the program jumps 
to any byte in the range +129 to -127. A branch instruction 
requires a length of 2 bytes 


e Indexed (No Offset) 

See Fig 33 The indexed addressing mode allows access 
up to the lower 255th address of memory. In this mode, an 
instruction requires a length of one byte. The EA is the 
contents of the index register. 
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e indexed (8-bit Offset) e Bit Test and Branch 


See Fig. 34. The EA is the contents of the byte follow- 
ing the operation code, plus the contents of the index register. 
This mode allows access up to the lower 511th address of 
memory. Each instruction when used in the index addressing 
mode (8-bit offset) requires a length of 2 bytes. 


e Indexed (16-bit Offset) 

See Fig. 35. The contents of the 2 bytes following the 
operation code are added to content of the index register 
to compute the value of EA. In this mode, the complete 
memory can be accessed. When used in the indexed address- 
ing mode (16-bit offset), an instruction must be 3 bytes long. 


e Bit Set/Clear 
See Fig. 36. This addressing mode is applied to the BSET 
and BCLR instructions that can set or clear any bit on page 
0. The lower 3 bits of the operation code specify the bit to 
be set or cleared. The byte that follows the operation code 
indicates an address within page 0. 


aoe 
PROG LDA =$F8 O5BE | AB 
O58F 

seca! 








See Fig. 37. This addressing mode is applied to the BRSET 
and BRCLR instructions that can test any bit within page 0 
and can be branched in the relative addressing mode. The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. Individual bits within 
the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. Each of these instructions should be 3 bytes 
long. The value of the test bit is written in the carry bit of the 
condition code register. 


e Implied 


See Fig. 38. This mode involves no EA. All information 
needed for execution of an instruction is contained in the 
Operation code. Direct manipulation on the accumulator 
and index register 1s included in the implied addressing mode. 
Other instructions such as SWI and RTI are also used in this 
mode. All instructions used in the implied addressing mode 
should have a length of one byte. 


Index Reg 





Stack Poimt 









Prog Count 


OSCO 


cC 


———{=3 
Index Reg 


Stack Point 


Prog Count 


cc 


Figure 30 Example of Direct Addressing 
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PROG LDA CAT 0409 


Index Re 


o4oaL__ 06 

sg a Stack Point 
: Prog Count 

CAT FCB 64 O6ES[___40_— | 

eet See | CC 
are aa 
ee aie gat 
J e 


Figure 31 Example of Extended Addressing 







Memory 


Index Reg 
Stack Point 
Prog Count 


PROG BEQ PROG2 04A7 
0448 





‘ ; 
ooo) 


Figure 32. Example of Relative Addressing 





Memory 


TABL FCC L! 0088 
° ’ Stack Point 
PROG LDA x O5F4 
Per O Ewes ———— Prog Count 
pees = 
Res eee os 
ry ‘ 
| 


Figure 33. Example of Indexed (No Offset) Addressing 
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TABL FCB =BF OO891 
FCB =86 OO8BAT 86 | 
FCB =D8 0O8Bf 0B 
FCB =CF OO8C 







Stack Point 


075C | 89 Prog Count 


CC 


as as 


Figure 34 Example of Index (8-bit Offset) Addressing 


PROG LDA TaBLX 0692{ D6 | Stack Point 
0693 

0694 Prog Count 
se a el 


CC 
eS 


TABL FCB =BF 077E 
FCB =86 O77F{ 86 
FCB =DB O780/ OB | 
FCB =CF O781{ CF | 


Figure 35 Example of Index (16-bit Offset) Addressing 


Index Reg 
PROG BCLR 6 PORT 8 OS8F Stack Point 
0590 
Prog Count 





H ‘ CC 
‘ 


= 


e 
4 e 
() ) 
Nnveercemcesemnsern ramen 


Figure 36 Example of Bit Set/Clear Addressing 
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EA 
Memory {002d 
r a 
: ' Adder 
PORTCEQU2 0002{ FO | A 
aa 
Bit 
Damneas | a6 a 2 
i ; Stack Point 
i] e 
PROG BRCLR 2 PORT C PROG 20574] 05 mt — 
o575f 02 id 0000 L894 
0576 ae | CC 
| OR | 
Adder 


Figure 37 Example of Bit Test and Branch Addressing 





Memory 


PROG TAX O5BA 


A 


Index Reg 
_ 
Stack Point 


Prog Count 


O5BB 


CC 


ae 


Figure 38. Example of Implied Addressing 


BINSTRUCTION SET 
There are 62 basic instructions available to the HD6305X 
MCU. They can be classified into five categories: register/ 
memory, read/modify/write, branch, bit manipulation, and 
control. The details of each instruction are described in 

Tables 5 through 11. 


e Register/Memory Instructions 
Most of these instructions use two operands. One operand 
is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305X MCU. There is no register operand in the uncon- 
ditional jump instruction (JMP) and the subroutine jump 
instruction (JSR). See Table 5. 


© Read/Modify/Write Instructions 
These instructions read a memory or register, then modify 
or test its contents, and write the modified value into the 
memory or register. Zero test instruction (TST) does not 
write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 


e Branch Instructions 
A branch instruction branches from the program sequence 
in progress if a particular condition is established. See Table 7. 


e Bit Manipulation Instructions 
These instructions can be used with any bit located up to 
the lower 255th address of memory. Two groups are available; 
one for setting or clearing and the other for bit testing and 
branching. See Table 8. 


e Control Instructions 
The control instructions contro] the operation of the MCU 
which is executing a program. See Table 9. 


e List of Instructions in Alphabetical Order 
Table 10 lists all the instructions used on the HD6305X 
MCU in the alphabetical order. 


e Operation Code Map 
Table 11 shows the operation code map for the instructions 
used on the MCU. 
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Table 5 Register/Memory Instructions 
| Addressing Modes _ 


indexed Indexed indexed 
Direct Extended |(No Offset) a Ta] 7 rs Be 7 


}oP| # | ~ Jop] x | ~ Jor! « | - | 
Load A from Memory A6 at SE EE REEEOEEEREEA M-—-A 
Lead X rom Memory or rz [2 feel [3 foel s [+ re] r[s fee[2 («joel as [wax 
Stow Ain Menon Tf eras leafs [@ rr f Ts [er] 2 [for] sf 
Store X in Memory eee _ }- | - | BF | 2 | ice] 3] 4]FF] 1] 4 [er] 2] 4 [0F/ 3/5 | X-—-M 
‘Add WenorytA | _AD0__[aal2 [a [aa] 2] a ra [eel + [3 [ea] 2 [4 foals] = 


Add Memory and Carry 

7 se Vale eles s 

Subtract Memory —— SUB AO 2 | a 

Subtract Memory from is 

A with Borrow SBC zi an 82 C2 ie 
FA | 









Operations Mnemonic 





orleiet 





AND Memory to A ANO AS | B4 | 3 [c4] 3 | [D4] 3 | 
OR Memory wthA | ~ORA JAA] Ba] 2] 3 [cal a DA] 





Exclusive OR Memory 

with A EOR A8 

Arithmetic Compare A a 

with Memory CMP Al 

Arithmetic Compare X —* 

with Memory CPX A3 - B3 st F3 











Bit Test Memory with 
(Logical Compare) BIT A5| 2 FS 
“Jump Unconditional | UMP ia cc] 3 | 3 [Fc 
“Jump to Subroutine = JSR oe “ ae | 6 |FO] 1 


Symbols Op = Operation 
# = Number of bytes 
~ = Number of cycles 


Table 6 Read/Modify/Write Instructions 





Addressing Modes 


a Indexed ‘indexed 
Direct ‘(No Offset) (8 | Bit t Offset) 






Operations Mnemonic 



































Increment 

Decrement aan A—1 “Aor X-1- +X or M-1--M 
Clear (twté‘S;!C(*dY!COC(CRCOC*d 6 |00--A or 00--X or 00-M 
‘Complement R-Aork-XorM--M 
Negate a OO-A-Aor00-X-X > 


(2's Complement) 





Rotate Left Thru Carry 


Rotate Right Thru Carry 


Logical Shift Left 





Logical Shift Right 
Arithmetic Shift Right 


Arithmetic Shift Left 
Test for Negative 





or Zero 


Symbols Op = Operation 
# = Number of bytes 
~ = Number of cycles 
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Boolean/ 
Arithmetic 
Operation 


Boolean/Arithmetic Operation 


[A+1--A or X+1 -X or M41 —-M 











Condition 
Cod 


>| > 


PEP PP PPP 
Pee PER PE PPr 


@ @i@ei>o 


> 


| + 


COL a a 


Condition 
Code 


HII INizic 
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Table 7 Branch Instructions 




















eee ee ie 

. ; Condition Code 
Operations Branch Test 

ora) ATTN z[e 
Branch Always ara [20[ 2 [3 [Now ————~ifeileielele 
Branch Never MLL 2 a SRNR CIC EC 
Branch IF Higher eu [22] 2[3|c+z-0 _fefelelele 
Branch IF Lower or Same BLS | 23; 2 | 3 | C+Z= jelelele| e 
Branch IF Carry Clear BCC | 24] 2 / 3 | C=0 jelelele| e 
(Branch IF Higher or Same) | (BHS) | 24{ 2 | 3 | Cc=0 pelelele| e 
Branch IF Carry Set BCS | 25] 2 | 3 | C=1 felelele e 
(Branch IF Lower) = | (BLO) || 25 | 2 | 3 [C=1 jelelelele 
Branch IF Not Equal | BNE | 26 eee jelelele| e 
Branch IF Equa eco f27f2 [air —*ide ifefelele 
Branch IF Half Carry Clear succ|28|2|3 |H=0. |elelelele 
Branch IF Half Carry Set BHCS | 29| 2] 3 {H=1 = — [ejelelele 
“Branch IF Plus aL |2A 2] 3 (N=0——~ie fefelele 
Branch IF Minus emf 28) 2 | 3 | N= relelelele 
Branch IF Interrupt Mask 

“epi ac ka ete Intaterale 
Branch IF Interrupt Mask 

“pi ae ta be ts MAAR? 
Branch IF Interrupt Line 

som " etelalels 
Branch IF interrupt Line 

is High BIH 2 Baas e 
Branch to Subroutine | BSR__|AD| 2/6 | ——————_—iiejeiejele 


Symbols. Op = Operation 
# = Number of bytes 
~ = Number of cycles 


Table 8 Bit Manipulation Instructions 


_ Addressing Modes Boolean/ Pane 
Operations Mnemonic Bit Set/Clear | Bit Test and Branch | Arithmetic ig Sian 
por [Ta[=[ OP [e[-|Opraton | OM TaTIyN[2[e 
Branch F Btn wset__[ BRSET nin=O | — |-|-| @a [3]5| —— |[Mn=i_lelelelels 
Branch IF Bt nis clear_| RCL nin=0- 7)|__—- {—|—[O1+a-n| [5] —- |Mn=0 |elelele|a 
Set Bi BSET nin=0-7) [1042-02] 8] — | —|—|1=Mn refefele 
‘Clear Bit acl nin=o7) [1142-n[2[8| — |-|-]O-Mn fefelefele 


Symbols Op = Operation 
# = Number of bytes 
~ = Number of cycles 
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Table 9 Control Instructions 


Transfer A to X 
Transfer X to A 
Set Carry Bit 


ol 





























Clear Carry Bit 0 
Set Interrupt Mask Bit e 
Clear Interrupt Mask Bit e 
Software Interrupt e 
Return from Subroutine e 
Return from Interrupt ? 
Reset Stack Pointer e 
No-Operation Advance Prog Cntr Only e 
Decimal Adjust A — . ‘Converts binary add of BCD charcters into A® 
Stop e 
Wait e 
Symbols. Op = Operation * Are BCD characters of upper byte 10 or more? (They are not cleared if set in advance ) 
# = Number of bytes 
~ = Number of cycles 
Table 10 Instruction Set (in Alphabetical Order) 
Addressing Modes Condition Code 
Mnemonic 


























Beco Cobo eesee 


ejoielelele{>lelelejelelejejelelel>[>[>[>]> 
Ce tLe ee ee eee ee Se Oe ea oe ee 


w| 2/2 
-ia|r 
9 

i 


i 
x 


Bs a eee 
BMC x 
eM 
ams 
x 
x 


jojejolslelelelejelelele/elelelelelelelejele|>i>| 


o 
2 
m 

e 


Condition Code Symbols (to be continued) 
H Half Carry (From Bit 3) Carry/Borrow 
| Interrupt Mask Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) Not Affected 
2 Zero Load CC Register From Stack 


~e@erooa 
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Table 10 Instruction Set (in Alphabetical Order) 


Olel<i<lelejolelei<|-—ji<j<jejelei@el/@eijelei<i<c[<cjejeli<|<jejic j;e;<j-jel/ejelje|<ciel/ej/eje;e 
Lowe Sele Seles |<) <(<)ele| ois e Sele isle(sie ie oleae |sicis| <ixieisieie|s| 
| zlelofefelelelelol<<[<[<[<[<[<[ele]<|<[</o|<]e|<|</</]-[e|<[ele|<[e|<|</e]e]<lele| 
noe) SS) S ee lele eels ejelsieleis s/s (9/1 sels |s sie ieise)is\sis 5 le/eis is 
is ate eee] oie (See Sie [els 6/2 [eee le Sie le (es) s es) leis eiele|slele siecle) 


Condition Code 





— 
@ 


Test & 
Branch 


Clear 


(16-Bit) 


dexed | Indexed 


(8-Bit) 


n 


Addressing Modes 
Indexed | | 
(No Offset) 


tended! Relative 


Direct 


Immediate 


no} 

® | 

= xix |x x x1 x x xl xix] x xl xl xix} x« x |x x xl xilxix |x 
b= 

3) 

Cc 

E raf 

o a fw {e ails - a 

iS ZIO1M fw ja jo} ja Kifpoja ig i@lal< [x iofeiOlF lf isali[aejajs_iwjiolol_ la {O|[xj|@ is [xX jre [aig 

S {elcelalni[HlralSlalzloja ja jwlo SIHIAIODIH|WIOIA(OlOIDIElF lalwiag |e Je IF 3/5 |< | |x 
HialoajalmloiololololololalwaiZisiSisl[sliS (Fiz lZloleleleiclaln|HlAlH|H|H|Hl|HIie le le ls 





Test and Set if True, Cleared Otherwise 
Not Affected 


Load CC Register From Stack 


Carry Borrow 


C 
A 
e 
? 


Half Carry (From Bit 3) 


Interrupt Mask 
Negative (Sign Bit) 


Condition Code Symbols 
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Table 11 Operation Code Map 


Bit Manipulation 
Test & Set/ 
Branch Clear 







> 





BRSETO BSETO BRA 
RN 


oo Dio oa, ov; oD 
2) 
m 
=~ 
Ww NO 
8] 
oe 
n” 


RCLRO | BCLRO | B 
RSET1 | BSET1 | BHI | 
RCLR1 | BCLRI 
RSET2 BCC 

BRCLR2 | BCLR2 | BCS 


RSET3 
RCLR 
RSET4 BSET4 BHCC LSL/ASL 
RCLR CLR4 BHCS ROL 
BRSET5 BSET5 BPL DEC 
BRCLR5 BCLR 
RSET6 BSET6 


CLR 


> 


o)2 Ole) |e) se /a)s a/si ie 
wi wo, wo w 
- w& 


E 


C 


BRSET7 BSET7 BIL 






(NOTES) 1 “—’” Is an undefined operation code 


Read/Modify/Write 


——Reister Memory | 

[| x1 | x0 |e ame | om | ext | x2 | 1 | x0 

apstel7i{e] Eos nee 
RTS] CMP 


sevs[ ene] ROR 


BMC ee 
BRCLR6 | BCLR6 | BMS 


(Ty [DAM NOP BSR 


PF eacta7 | ecta7 [ein | CUR ——_—(WAIT'[ xa 







Register /Memory 


EAs es 






SBC 
CPX 


” 
= 










35 


2 The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number of cycles) 


The number of cycles for the mnemonics asterisked (*) 1s a follows 


RT! = 8 DAA = TAX = 2 
RTS =5 STOP = 4 RSP = 2 
SWI = 10 WAIT = TXA = 2 


BSR = 5 
CLI = 2 
SEI = 2 


3. The parenthesized numbers must be added to the cycle count of the particular instruction 


®@ Additional Instructions 
The following new instructions are used on the HD6305X. 
DAA Converts the contents of the accumulator into BCD code. 
WAIT Causes the MCU to enter the wait mode. For this mode, 
see the topic, Wait Mode. 
STOP Causes the MCU to enter the stop mode. For this mode, 
see the topic, Stop Mode. 


@ PRECAUTION 1—BOARD DESIGN OF 

OSCILLATION CIRCUIT 

When connecting crystal and ceramic resonator with the XTAL 
and EXTAL pins to oscillate, observe the following in designing 
the board. 

(1) Locate crystal, ceramic resonator, and load capacity C, and Cy 
as near the LS] as possible. (Induction of noise from outside to 
the XTAL and EXTAL pins may cause trouble in oscillation.) 

(2) Wire the signal lines to the neighbouring XTAL and EXTAL 
pins as far apart as possible. 

(3) Board design of situating signal lines or power supply lines near 
the oscillator circuit as shown in Fig. 40, should not be used 
because of trouble in oscillation in induction. The resistor be- 
tween the XTAL and EXTAL, and pins close to them should be 
10M © or more. 


@ PRECAUTION 2—PROGRAM OF WRITE ONLY REGISTER 
Read/Modify/Write instructions are unavailable for changing the 
contents of Write Only Register (e.g. DDR; Data Direction Register 
of I/O port) of HD6305X, HD6305Y and HD63PO0SY. 
(1) Data cannot be read from write only register. (e.g. DDR of 
1/0 port) 


While read/modify/write instructions are executed in the follow- 
ing sequence. 
(i) Reads the contents from appointed address. 
(1i) Changes the data which has been read. 
(iii) Turn the data back to the original address. 
Thus, read/modify/write instructions cannot be applied to 
write only register such as DDR. 
(2) For the same reason, do not set DDR of I/O port using BSET and 
BCLR instructions. 
(3) Stored instructions (e.g. STA and STX, etc.) are available for 
writing into the write only register. 


M@ PRECAUTION 3—SENDING/RECEIVING PROGRAM OF 
SERIAL DATA 
Be careful that malfunction may occur if SDR (SERIAL DATA 
REGISTER: $0012) 1s read or written during transmitting or receiv- 
ing serial data. 


M@ PRECAUTION 4—WAIT/STOP INSTRUCTIONS PROGRAM 

When I bit of condition code register is “‘1”’ and an interrupt 
(INT,, TIMER/INT}) is held, the MCU does not enter into WAID 
mode by executing the WAIT instruction. 

In that case, after the 4 dummy cycles, the MCU executes the next 
instruction. 

In the same way, when external interrupts (INT, INT>) are held at 
the bit I set, the MCU does not enter into the STOP mode by execut- 
ing STOP instruction. In that case the MCU executes the next in- 
struction after the 4 dummy cycles. 
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Figure 39 Design of Oscillation Circuit Board 







Signal C 


—-|—-|--Signal A 
~Signal B 


HD6305X 
HD6305Y 
HD63P05Y 






Figure 40 Example of Circuit Causing Trouble in Oscillation 


@ PRECAUTION WHEN USING BIL/BIH INSTRUCTION 
(1) Execute Instruction after the INT Voltage level has stabilized 
above Vy or below Vy, . 
(2) INT voltage level needs to be stabilized while BIL/BIH Instruc- 
tion Execution. 
There may be a malfunction by ghtch on control signal if 
BIL/BIH Instruction Execution has exercized in unstablized INT 
signal level. 





Cavan >—{] 


\ f 


Avoid BIL/BIH Instruction Execution 
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@ PRECAUTION TO USE BSR 
If there is 2nd BSR programmed on the address which is directed 
by first BSR, 2nd BSR may not be executed correctly For this 
reason, BSR should not be programmed on the address which is 
directed by first BSR. 
If necessary, please program as following. 
(1) On the address which first BSR directed, NOP instruction 
should be inserted before second BSR. 
(2) On the address which first BSR directed, JSR instruction should 
be programmed instead of 2nd BSR. 


BSR LBL1 
\ 


LBL1 = BSR LBL2 =) 


example of malfunction 
of 2nd BSR execution 


eh LBL1 


LBL1 NOP 
BSR LBL2 


| : 
I 
LBL2---- 9 --- 


example of counter measure 
(NOP ts inserted) 


BSR LB 5 


' 
| 
| 
| 
LBL1 JSR LBL2 
| 
| 
| 
| 
\ 


LBL2 —— 


example of counter measure 
(JSR 1s used instead of BSR) 


© HITACHI 


Hitachi America, Ltd. « Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





201 





HD6305Y2, HD63A05Y2, HD63B05Y2 — 
CMOS MCU (Microcomputer Unit) 


The HD6305 Y2 is a CMOS 8-bit single chip microcomputer. A HD6305Y2P, HD63A05Y2P, 
CPU, a clock generator, a 256 byte RAM, I/O terminals, two HD63B05Y2P 
timers and a serial communication interface (SCI) are built in the 
HD6305Y2. Its memory space is expandable to 16k bytes exter- 
nally. 

The HD6305Y2 has the same function as the HD6305Y2’s 
except for the number of I/O terminals. The HD6305Y2 is a 
microcomputer unit which includes no ROM and its memory 
space is expandable to 16k bytes externally 


@ HARDWARE FEATURES 
© 8-bit based MCU 
e 256-bytes of RAM (DP-64S) 
. : 
: Sci a terminals, including 24 I/O’s, 7 inputs HD6305Y2F, HD63A05Y2F, 
— 8-bit timer with a 7-bit prescaler (programmable prescaler, HD63B05Y2F 
event counter) 
— 15-bit timer (commonly used with the SCI clock divider) 
e On-chip serial interface circuit (synchronized with clock) 
e Six interrupts (two external, two timer, one serial and one 
software) 
e Low power dissipation modes 
— Wait..... In this mode, the clock oscillator is on and the 
CPU halts but the timer/serial/interrupt func- 
tion is operable. 
— Stop..... In this mode, the clock stops but the RAM data, 
/O status and registers are held. 
— Standby. . In this mode, the clock stops, the RAM data is 





held, and the other internal condition is reset. @ SOFTWARE FEATURES 

e Minimum instruction cycle time ¢ Similar to HD6800 

—HD6305Y2.. .1 us (f = 1 MHz) e Byte efficient instruction set 

—HD63A05Y2. . .0.67 us (f = 1.5 MHz) ¢ Powerful bit manipulation instructions (Bit Set, Bit Clear, and 

—HD63B05Y2. . .0.5 » (f =2 MHz) Bit Test and Branch usable for 192 byte RAM bits within page 
e Wide operating range 0 and I/O terminals) 

Vec=3 to 6V (f=0.1 to 0.5 MHz) e A variety of interrupt operations 

—HD6305Y2. .f=0.1 to 1 MHz (Vcc = 5V + 10%) e Index addressing mode useful for table processing 

—HD63A05Y2. f= 0.1 to 1.5 MHz (Vcc = 5V + 10%) e A variety of conditional branch instructions 

—HD63B05Y2. f=0.1 to 2 MHz (Vcc = 5V + 10%) e Ten powerful addressing modes 


e All addressing modes adaptable to RAM, and !/O instructions 
e Three new instructions, STOP, WAIT and DAA, added to the 
HD6805 family instruction set 


@ PROGRAM DEVELOPMENT SUPPORT TOOLS 

¢ Cross assembler software for use with IBM PCs and compati- 
bles 

© In circuit emulator for use with IBM PCs and compatibles 
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@ PIN ARRANGEMENT 
* HD6305Y2P, HD63A05Y2P, HD63B05Y2P e HD6305Y2F, HD63A05Y2F, HD63B05Y2F 








=| o - am vow 
TET TITEEE 
SK EE EB Ssss58¢ 
sis ifsslisifs [ais fs {3 [sets] 

TIMER 1 | fSUTDATAs. 
A>[.2] | SOIDATA, 
AsL 3] 49} E 
As{ 4] 48 R/W 
Aal 5] | 471ADR, 3 
As[ 6] 46] A0R,, 
A2L7 | 145}ADR,, 
Ail 8] 144} ADRio 
AL? ] [43] ADR, 
B [70] 42} ADR, 
Be rat} AOR, 
Bs L12] | 40 | AOR, 
B4{13] 139] ADRs 
Bs ‘38 }AOR, 
B.| 15) ADR; 
B: [36 JADR; 
Bol 17| 135 AOR, 

Cr/Tx [18] 34] ADR. 

Co/Rx [19 133]D7 












BSsdd55866 48 E 
) a 
a 
(Top View) (Top View) 
® BLOCK DIAGRAM 
XTAL EXTAL —E RAW 
RES NUM INT STBY 
TIMER , Prescaler ‘ atest Oe Miscella- 
nter Cc neous 
— Register 
Timer Control 
Accumulator 
Ao 8 A o 
A, 56 PU ; 
Port A A . 8s Index Cc O,/inT 
1/0 ies e 5 a? g Register , Control as of 
Terminals a, SF] st qrememesnacregs fe ot O. Port O 
As « a6 Condition Code 5 S 0, | t 
Ae = Register a a eeak ie 
A, 5 cc D Terminals 
Stack 
6 Pointer sp 
By Program 
6, .§$ Counter AOR 
Port B 8; as 25 6 “High” pcr ALU 2. AOR,; 
1/0 8; ~ 7) fo) $ Program = ADR,, 
Terminals 8 52] sf Counter 3 ADRi9 
Bs Se iss 8 “Low” PCL a AOR, 
ae? “ 
B, 2 3 ADR, 
8, a AOR, 
$ AOR, 
i AOR, 
3 AOR, 
G < AOR, 
Port Cc C— g 3 AOR, 
4 x AOR, 
Terminals C; og ROM RAM 
— C. = 
Cyt as 
Ce/fPx = 
CT . DATA, 
No internal ROM in HO6305Y2 DATA, 
DATA, 
DATA, 
Serial DATA; 
Control DATA, 
Register DATA, 
DATA, 
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@ ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Supply Voltage V 
Input Voltage V 





Operating Temperature 


Cc 
Storage Temperature Tit -55 ~ +150 =C 


[NOTE] These products have a protection circuit in their input terminals against high electrostatic voltage or high electric fields. Notwithstanding, 
be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits. To assure normal 
operation, we recommended Vin, Vout: Vss S$ (Vin OF Vout) S Vee. 


® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5.0V+10%, Vsg = GND, Ta = 0 ~ +70°C, unless otherwise noted.) 


iter Symbol min 


RES, STBY _ 





Input ‘“High’’ Voltage Vin 


Other Inputs 


Input ‘‘Low”’ Voltage All Inputs 


Output ‘‘High’’ Voltage! All Outputs 


~ Output “Low” Voltage| All Outputs 


TIMER, INT, _ 

D, ~ D>, STBY 

Ao ~ Az, Bo ~ B2, 

Three-state Current Co ~ C7, ADRo ~ ADR 43", | II tsi 
DATAy~ DATA,,E", RW“ 


Input Leakage Current 


Current Dissipation ** 





Input Capacitance All Terminals 


* Only at standby 





** All output and RES terminal are open, and ponetrate current of input are not included, (Vig min = Vec - 1.0V, Vin max = 0.8V) 
*** The value at f = x MHz Is given by using 
loc (f =x MHz) = lec (f = 1MH2z) x x 
@ AC CHARACTERISTICS (Vcc = 5.0V+10%, Vgs = GND, Ta = 0 ~ +70°C, unless otherwise noted.) 
tt Sesaicl Nese HD6305Y2 HDesB0sY2 | 
Cycle Time joees| - | 10 [05 | - | 10 | m 
Enable Rise Time _ _ 98 te ns 
Enable Fall Time — Ss ee or} ns 
Enable Pulse Width("High” Level) 300 | - | ay ns 
~ Enable Pulse Width(“Low”’ Level) Me te =~ ns 
Address Delay Time ss | 190 | — | — | 180 | ns 
_Data Delay Time | = | = [reo] - | - | 120] ns 
~ Data Hold Time (Write) ce 20) st ae ee ns 
Data Set-up Time (Read) | 60 | — | ea eee ns 
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HD63B05Y2 
x | min | typ | max 





®@® PORT TIMING (Vcc = 5.0V+10%, Vsg = GND, Ta = 0 ~ +70°C, unless otherwise noted.) 


Test 
Condition 


Port Data Set-up Time 
INA ee Cad Ee si 
Port Data Hold Time t 200 
(Port A, B,C, D) ie 

Tee Sabet Sauce aoa a aa 
Port Data Delay Time Fig. 3 ee 


(Port A, B, C) 









HD63A05Y2 
typ | ma 


Item 
































Test HD6305Y2 HD63A05Y2 


Item = ae 
Condition; min | typ | max | min | typ | max 


INT Pulse Width 


INT, Pulse Width 








RES Pulse Width 
Control Set-up Time 








Timer Pulse Width trwe 
Oscillation Start Time (Crystal) tesc 
Reset Delay Time _ TRHL 


* Cy. = 22pF +20%, R, = 6082 max. 





© SCI TIMING (Voc = 5.0V+10%, Vgg= GND, Ta = 0 ~ +70°C, unless otherwise noted.) 


Sune Test HD6305Y2 HD63A05Y2 HD63B05Y2 Unit 
= me Senditen| “min [yp min [te [max | min [ tp [ max 
Clock Cycle tscyc aS — | 21845 16384] us 


Data Output Delay Time 
Data Set-up Time ; 
Data Hold Time 


ns 


| min | 
Tal 200 

250 ns 
J ee ee 
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Sea a teye 


E 2 4V 
——PWe, PWen 
0 6V 
te, ter | 
— tao taH 


Ao~A 2 4V 
RAW 4 Address Valid b 
0 6V 
MCU Write 4 2 4V Data 
DATA g ~ DATA, 0 6V Valid 


tosr 





—tuw 










2 OV 


MCU Read 
DATAg ~ DATA? 


Data Valid 






0 8V 





Figure 1 Bus Timing 








E E 
Port ’ Port 
A,B,C,D | A,B,C 
Figure 2 Port Data Set-up and Hold Times Figure 3 Port Data Delay Time (MCU Write) 
(MCU Read) 
Interrupt 
Test 
E 
Address 
Bus Op Code Op Code ipfr SP SP-1 SP-2 SP-3 SP-4 Vector Vector New PC 
Address Address + 1 MSB LSB Address 
INT, INT2 PC Address Address 
’ Oo~ 
PC? 
Data Bus 
Op Operand Irrelevant PCs~ IX ACC CC Vector Vector First Inst of 
Code Op Code Data MSB~ LSB 
PCi3 Address Address Interrupt Routine 


R/W \ / 


Figure 4 Interrupt Sequence 
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aeaeeaee ee 


5 5Vv—— 
| eee 
Vec 45V 
tosc tosc 
a 
STBY Vec—0 5V ; \ Veco —0 5V 
cs 
RES Vee —0 5V \ 
eS ee (een nnenmenenenrerant een 
posress MMMM XXX XX XX TX 
Bus 
1FFF FFF IFFF FFF IFFE FFF New PC TFFF 





mw TT nn 





Figure5 Reset Timing 


tScyc 
Clock Output 2 4V aaa 
Cs/CK 0 6V 0 6V 0 6V 
ttxo 
Data Output 2 4V 
C7/TX 0 6V 
tsrx 





turx 
Data Input 2 OV 2 OV 
Ce6/Rx 0 8V 0 8V 
{entertainers 


Figure6 SCI Timing (Internal Clock) 





tscyc 
ca amneaaeneneemnemenenne 
Clock Input 2 0V 
Cs/CK 0 8V 0 8V; 0 8V 
trxo 
\pomeeeneneeesntetnemeensm 
Data Output 2 4V 
C7/TxX 0 6V 
‘ponent ernateeemsnnntntee 


tsrx tiax 


(a 
Data Input 2 OV 20V 
{ ' 
C6/RX 0 8V 0 8V 


Figure7 SC! Timing(External Clock) 
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Vee 
TTL Load 
(Port) lo.=1 6mA 2 4kQ 
Test point Rena aERE 
terminal 
[NOTES] 1. The load capacitance includes stray capacitance caused 


by the probe, etc. 
2. All diodes are 182074 @) 


Figure 8 Test Load 


® DESCRIPTION OF TERMINAL FUNCTIONS 
The input and output signals of the MCU are described 
here. 


°Vcc. Vss 
Voltage is applied to the MCU through these two terminals. 
Vcc is 5.0V + 10%, while Vsg is grounded. 


e INT, INT2 
External interrupt request inputs to the MCU. For details, 
refer to “INTERRUPT”. The INT, terminal is also used as 
the port D, terminal. 





eXTAL, EXTAL 
These terminals provide input to the on-chip clock circuit. 
A crystal oscillator (AT cut, 2.0 to 8.0 MHz) or ceramic 
filter is connected to the terminal. Refer to “INTERNAL 
OSCILLATOR” for using these input terminals. 


e TIMER 
This is an input terminal for event counter. Refer to 
“TIMER” for details. 


eRES 
Used to reset the MCU. Refer to “RESET’’ for details. 


eNUM 
This terminal is not for user application. In case of the 
HD630S5Y1, this terminal should be connected to Vcc 
through 10kQ2 resistance. In case of the HD6305Y2, this 
terminal should be connected to Vss. 


e Enable (E) 
This output terminal supplies E clock. Output is a single- 
phase, TTL compatible and 1/4 crystal oscillation frequency 
or 1/4 external clock frequency. It can drive one TTL load 


and a 90pF condenser. 


o Read/Write (R/W) 
This TTL compatible output signal indicates to peripheral 
and memory devices whether MCU is in Read (“High”), or 
in Write (‘Low’). The normal standby state is Read (“High”). 
Its output can drive one TTL load and a 90pF condenser. 


e Data Bus (DATA, ~ DATA,) 
This TTL compatible three-state buffer can drive one TTL 
load and 90pF. 


e Address Bus (ADR, os ADR,;) 
Each terminal is TTL compatible and can drive one TTL 
load and 90pF. 


e Input/Output Terminals (Ao ~ A7, Bo ~ B7, Co ~ C,) 

These 24 terminals consist of three 8-bit 1/O ports (A, B, C). 
Each of them can be used as an input or output terminal on 
a bit through program control of the data direction register. 
For details, refer to “I/O PORTS.” 


e Input Terminals (D1 ~ D7) 

These seven input-only terminals are TTL or CMOS com- 
patible. Of the port D’s, De is also used as INT2. If De is 
used as a port, the INT2 interrupt mask bit of the miscellane- 
ous register must be set to “1” to prevent an INT2 interrupt 
from being accidentally accepted. 


eSTBY 
This terminal is used to place the MCU into the standby 
mode. With STBY at ‘‘Low” level, the oscillation stops and 
the internal condition is reset. For details, refer to “Stand- 
by Mode.” 





The terminals described in the following are I/O pins for 
serial communication interface (SCI). They are also used as 
ports C,, C, and C,. For details, refer to “SERIAL COM- 
MUNICATION INTERFACE.” 


eCK (Cs) 
Used to input or output clocks for serial operation. 


e Rx (Ce) 

Used to receive serial data. 
e Tx (C7) 

Used to transmit serial data. 


SMEMORY MAP 

The memory map of the MCU is shown in Fig. 9. $0140 ~ 
$1FFF of the HD630SY2 are external addresses. However, 
care should be taken to assign vector addresses to $1FF6 ~ 
$1FFF. During interrupt processing, the contents of the CPU 
registers are saved into the stack in the sequence shown in 
Fig. 10. This saving begins with the lower byte (PCL) of the 
program counter. Then the value of the stack pointer is 
decremented and the higher byte (PCH) of the program 
counter, index register (X), accumulator (A) and condition 
code register (CC) are stacked in that order. In a subroutine 
call, only the contents of the program counter (PCH and PCL) 
are stacked. 
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1/0 Ports 
Timer 2l PORT GC 1$02 


$04" 
(192Bytes) 5 $05" 
6 $06" 
8 $08 
9 $09 
10}_Misc Reg | $oa 


Not Used 


16[ SCICTRL Reg $10 
17[ Sei 81S Reg _|$11 
18[ Sci Bata Rea _]$12 


Not Used 
SIF 
External $20 
Memory Space Memory Space $ 3F 







* Write only register 
** Read only register 


16383 $3FFF 


* ROM area ($0140 ~ $1 FFF) in the HD6305Y2 
is changed into External Memory Space 


Figure 9 Memory Map of MCU 


76 5 43 2 1 ~0 

111 Condition 

| Code Register 
Index Register 


* In a subroutine call, only PCL and PCH are stacked 


Pull 
n+'1 





n+2 






n+3 






n+4 





n+5 





Push 


Figure 10 Sequence of Interrupt Stacking 
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® REGISTERS 
There are five registers which the programmer can operate. 


7 O 
7 0 
Register 
13 ca 
rogram 

a (9 
13 6 5 e) 
2 


[0 fojojofofoj 1 { Porter 


Condition 
Code 
Register 


ahs G 
Borrow 
Zero 






Negative 


Interrupt 
Mask 
Half 
Carry 


Figure 11 Programming Mode! 


e Accumulator (A) 
This accumulator is an ordinary 8-bit register which holds 
operands or the result of arithmetic operation or data process- 
ing. 


e Index Register (X) 

The index register is an 8-bit register, and is used for index 
addressing mode. Each of the addresses contained in the 
register consists of 8 bits which, combined with an offset 
value, provides an effective address. 

In the case of a read/modify/write instruction, the index 
register can be used like an accumulator to hold operation 
data or the result of operation. 

If not used in the index addressing mode, the register can 
be used to store data temporarily. 


e Program Counter (PC) 
The program counter is a 14-bit register that contains the 
address of the next instruction to be executed. 


e Stack Pointer (SP) 

The stack pointer is a 14-bit register that indicates the ad- 
dress of the next stacking space. Just after reset, the stack 
pointer 1s set at address SOOFF. It is decremented when data 
is pushed, and incremented when pulled. The upper 8 bits 
of the stack pointer are fixed to 00000011. During the MCU 
being reset or during a reset stack pointer (RSP) instruction, 
the pointer is set to address $OOFF. Since a subroutine or 
interrupt can use space up to address $00C1 for stacking, the 
subroutine can be used up to 31 levels and the interrupt up 
to 12 levels. 


e Condition Code Register (CC) 
The condition code register is a 5-bit register, each bit 
indicating the result of the instruction just executed. The 
bits can be individually tested by conditional branch instruc- 
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tions. The CC bits are as follows: 


Half Carry (H)’ Used to indicate that a carry occurred be- 
tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 

Setting this bit causes all interrupts, except 
a software interrupt, to be masked. If an 
interrupt occurs with the bit I set, it 1s 
latched. It will be processed the instant 
the interrupt mask bit 1s reset. (More specifi- 
cally, it will enter the interrupt processing 
routine after the instruction following the 
CLI has been executed.) 

Used to indicate that the result of the most 
recent anthmetic operation, logical operation 
or data processing 1s negative (bit 7 is logic 
1"), 


Interrupt (I): 


Negative (N): 


Zero (Z) Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing 1s zero. 

Carry/ Represents a carry or borrow. that occurred 

Borrow (C): in the most recent amthmetic operation. This 


bit is also affected by the Bit Test and Branch 
instruction and a Rotate instruction. 


# INTERRUPT 
There are six different types of interrupt: external inter- 
rupts (INT, INT2), imternal timer interrupts (TIMER, 
TIMER2), serial interrupt (SCI) and interrupt by an instruc- 
tion (SWI). 








1->] 

$FF SP 

0- DDR’s 

CLR INT Logic 
$FF-+TOR 
$7F-+Timer Prescaler 
$50-—TCR 


Fetch 










$3F -+SSR 
$00--SCR 
$7F-+MR 


Load PC From 
Reset $1FFE, $1FFF | 





Figure 12 


Instruction 


Execute 
Instruction 


Of these six interrupts, the INT2 and TIMER or the SCI 
and TIMER2 generate the same vector address, respectively. 

When an interrupt occurs, the program in progress stops 
and the then CPU status is saved onto the stack. And then, 
the interrupt mask bit (I) of the condition code register is 
set and the start address of the interrupt processing routine 
is obtained from a particular interrupt vector address. Then 
the interrupt routine starts from the start address. System 
can exit from the mterrupt routine by an RTI instruction. 
When this instruction is executed, the CPU status before 
the interrupt (saved onto the stack) 1s pulled and the CPU 
restarts the sequence with the instruction next to the one at 
which the interrupt occurred. Table 1 lists the priority of 
interrupts and their vector addresses. 








Table 1 Priority of Interrupts 
Interrupt Vector Address 
RES 1 $1FFE, $1FFF 
SWI - 9 $1FFC, $1FFD 
INT 3 - SIFFA, $11 FFB 
TIMER/INT2 4 $1FF8, $1FF9 
 SCI/TIMER2 5 $1FF6 S1FF7 


A flowchart of the interrupt sequence is shown in Fig. 12. 
A block diagram of the interrupt request source is shown in 


Fig. 13. 
ae 
MR6 =0 MR7 = 12 
Edge 


TIMER 
TCRE =O TCR? 
= 4? 


Sci 
SSR5 = 0 SSR7 . 
~1? 
N TIMER2 
SSR4 = OSSRS 
= 


Stack 
PC, X,A, CC 


Clear 


















Load PC From 
SWI $IFFC $1FFO 
INT SIFFA $IFFB 
TIMER $1FF8 $IFFO 
INT, $1FFB $1FF9 
SCI$IFE6 $1FF7 
TIMER? SIFFG $IFF7 









Execute 
Instruction 








Interrupt Flow Chart 
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In the block diagram, both the external interrupts INT and 
INT2 are edge trigger inputs. At the falling edge of each input, 
an interrupt request is generated and latched. The INT inter- 
rupt request is automatically cleared if jumping is made to 
the INT processing routine. Meanwhile, the INT2 request is 
cleared if ‘‘O”’ is written in bit 7 of the miscellaneous register. 

For the external interrupts (INT, INT2), internal timer 
interrupts (TIMER, TIMERz) and serial interrupt (SCI), each 
interrupt request is held, but not processed, if the I bit of the 
condition code register is set. Immediately after the | bit 1s 
cleared, the corresponding interrupt processing starts accord- 
ing to the pnonity. 

The INT2 interrupt can be masked by setting bit 6 of the 
miscellaneous register; the TIMER interrupt by setting bit 6 
of the timer control register; the SCI interrupt by setting bit 
5 of the serial status register; and the TIMER2 interrupt by 
setting bit 4 of the serial status register. 

The status of the INT terminal can be tested by a BIL or 
BIH instruction. The INT falling edge detector circuit and 
its latching circuit are independent of testing by these instruc- 
tions. This is also true with the status of the INT2 terminal. 





e Miscellaneous Register (MR; $000A) 


The interrupt vector address for the external interrupt 
INT2 is the same as that for the TIMER interrupt, as shown 
in Table 1. For this reason, a special register called the miscel- 
laneous register (MR, $000A) 1s available to control the 
INT2 interrupts. 













BIH/BIL Test 





INT Inter- 
rupt Latch 


| 


Fatling Edge Detector 


| Miscellaneous 
Register (MR) 


Timer Control 
Register (TCR) 


TIMER 
» 
TIMER 
Serial Status 
Register (SSR) 
SCI TIMER2 —_['ssr7|ssae|ssrs|ssra| TIMERz 
So =) 
Do 
SCi 


> a 


Bit 7 of this register is the INT2 interrupt request flag. 
When the falling edge is detected at the INT2 terminal, “1” 
is set in bit 7. Then the software in the interrupt routine 
(vector addresses: $1FF8, $1FF9) checks bit 7 to see if it 
is INT2 interrupt. Bit 7 can be reset by software. 





Miscellaneous Register (MR;$000A) 


7 6 5 4 3 0 
iL UL: ea a a a ae 


——-—— INT2 Interrupt Mask 
— INT2 Interrupt Request Flag 








Bit 6 1s the INT2 interrupt mask bit. If this bit is set to “1”, 
then the INT2 interrupt 1s disabled. Both read and write are 
possible with bit 7 but “1” cannot be written in this bit by 
software. This means that an interrupt request by software 
is impossible. 

When reset, bit 7 1s cleared to ‘‘O”’ and bit 6 1s set to “‘1”’. 


BTIMER 

Figure 14 shows a MCU timer block diagram. The timer 
data register is loaded by software and, upon receipt of a 
clock input, begins to count down. When the timer data 


Vectoring generated 
SIFFA, $1F FB 


Condition Code Register (CC) 


Interrupt Control 
Circuit 


oo __..- Vectoring generated 
$1FF8, $1FF9 





Vectoring generated 
$1FF6, $1FF7 


Figure 13 Interrupt Request Generation Circuitry 
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register (TDR) becomes “0”, the timer interrupt request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt request, the CPU saves its status into the stack 
and fetches timer interrupt routine address from addresses 
$IFF8 and $1FF9 and execute the interrupt routine. The 
timer interrupt can be masked by setting the timer interrupt 
mask bit (bit 6) in the timer control register. The mask bit 
(I) in the condition code register can also mask the timer 
interrupt. 

The source clock to the timer can be either an external 
signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). If the E signal is used as 
the source, the clock input can be gated by the input to the 
timer input terminal. 

Once the timer count has reached “0”, 1t starts counting 
down with “$FF”. The count can be monitored whenever 
desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence of a timer interrupt, without disturbing the con- 
tents of the counter. 

When the MCU is reset, both the prescaler and counter are 
initialized to logic “1”. The timer interrupt request bit 


(bit 7) then is cleared and the timer interrupt mask bit (bit 
6) 1s set. 

To clear the timer interrupt request bit (bit 7), it is neces- 
sary to write “QO” in that bit. 





Timer interrupt request 
























e Timer Control Register (TCR; $0009) 

Selection of a clock source, selection of a prescaler fre- 
quency division ratio, and a timer interrupt can be controlled 
by the timer control register (TCR; $0009). 

For the selection of a clock source, any one of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 


Timer Control Register (TCR; $0009) 


7 6 5 4 3-2 1 0 
TCR7 TCR4AITCR3ITCR2 
Fe nn en 
t Prescaler division ratio selection 
Prescaler initialize 
Clock input source 


Timer interrupt mask 
Timer interrupt request 







After reset, the TCR is initialized to ““E under timer termi- 
nal control” (bit 5 = 0, bit 4 = 1). If the timer terminal is 
“1”, the counter starts counting down with “$FF” immediate- 
ly after reset. 

When “1” is written in bit 3, the prescaler is initialized. 
This bit always shows ‘‘0” when read. 


Table 2. Clock Source Selection 





TCR ; 
Absent Clock input source 
Present 
0 x Internal clock E 
Timer interrupt mask 0 E under timer terminal control 
Enabled 1 No clock input (counting stopped) 
Disabled 1 Le Event input from timer terminal 
Initialize 








(Internal 
Clock) 






Prescaler 





TIMER 
input 
Terminal 


Timer Data 
Register 








8-Bit Counter 
Clock Input | 


Write 


Read 


(TDR,$0008) 


Timer Control 
Register 


(TCR,$0009) 













Timer Interrupt 


Figure 14 Timer Block Diagram 
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A prescaler division ratio is selected by the combination of A timer interrupt is enabled when the timer interrupt mask 
three bits (bits 0, 1 and 2) of the timer control register (see bit is ‘‘0’’, and disabled when the bit is “1”. When a timer 
Table 3). There are eight different division ratios: +1, +2, +4, interrupt occurs, “1” is set in the timer interrupt request bit. 
+8, +16, +32, +64 and +128. After reset, the TCR is set to the This bit can be cleared by writing “0” in that bit. 
+1 mode. 


Bit 2 


"= ;oOo;,/0O0;,0 


m_b | ab 


@SERIAL COMMUNICATION INTERFACE (SCI) 
Table 3. Prescaler Division Ratio Selection This interface is used for serial transmission or reception 
of 8-bit data. Sixteen transfer rates are available in thé range 
from | us to approx. 32 ms (for oscillation at 4 MHz). 


TCR 
Prescaler division ratio The SCI consists of three registers, one octal counter and 












one prescaler. (See Fig. 15.) SC] communicates with the CPU 
SO 0. | +4 via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. Described below are the operations of 
oe =2 each register and data transfer. 
a a a oes ®SCI Control Register (SCR; $0010) 
po fo +16 
ee en +64 
SCI Control Registers (SCR; $0010) 
SCR71SCR6}SCR5}] SCR4|SCR3 sonal cri SCRO E 
, Transfer 
EE. hada Base 
Clock 
Ganeratne 
cicK) 
5( ) ! > g| 
\ ' SCI Data Registers (\ 
; (SOR: $0012) Octal 
| 7 ; 5 ; initialize 
! 
pines OE es Loc 
C7(Tx) } ' 
1 
Leeeece J 
| bac 1 Q 
SCI Status Registers 
ono oon <DXD wes 
ae vy, eee nee ee 
Y y Not Used 
SCI/TIMER2 


Figure 15 SCI Block Diagram 
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SCR7 C, terminal 
0 Used as 1/0 terminal (by DDR). 
1 Serial data output (DDR output) 
SCRE C. terminal 
0 Used as 1/0 terminal (by DDR). 
1 Serial data input (DDR input) 





C, terminal 





Used as 1/O terminal (by 
DDR). 








Clock output (DDR output) 
Clock input (DDR input) 


Bit 7 (SCR7) 
When this bit is set, the DDR corresponding to the C, 
becomes “1” and this terminal serves for output of SCI data. 
After reset, the bit is cleared to ‘‘0”’. 


Bit 6 (SCR6) 
When this bit is set, the DDR corresponding to the C, 
becomes “OQ” and this terminal serves for input of SCI data. 
After reset, the bit is cleared to ‘‘0’’. 


Bits 5 and 4 (SCRS, SCR4) 
These bits are used to select a clock source. After reset, 
the bits are cleared to ‘‘0’’. 


Bits 3~ 0 (SCR3 ~ SCRO) 


These bits are used to select a transfer clock rate. After 
reset, the bits are cleared to “O”’. 


0 










SCR3 Transfer clock rate 







1 ys 
2 us 1.91 ps 
4 us 3.82 ps 
8 us 7.64 us 
Q Q 
32768 us 1/32 s 


@SCI Data Register (SDR; $0012) 
A serial-parallel conversion register that is used for transfer 
of data. 


@SCI Status Register (SSR; $0011) 


3 2 1 0) 


srs sree os] DDC 


Bit 7 (SSR7) 

Bit 7 is the SCI interrupt request bit which is set upon 
completion of transmitting or receiving 8-bit data. It is 
cleared when reset or data is written to or read from the 
SCI data register with the SCR5="1”. The bit can also be 
cleared by writing “‘O”’ in it. 


Bit 6 (SSR6) 

Bit 6 is the TIMER, interrupt request bit. TIMER, is used 
commonly with the serial clock generator, and SSR6 is set 
each time the internal transfer clock falls. When reset, the 
bit is cleared. It also be cleared by writing “O”’ in it. (For 
details, see TIMER, .) 


Bit 5 (SSRS) 
Bit 5 is the SCI interrupt mask bit which can be set or 
cleared by software. When it is “1’’, the SCI interrupt (SSR7) 
is masked. When reset, it is set to “‘1”’ 


Bit 4 (SSR4) 
Bit 4 is the TIMER, interrupt mask bit which can be set 
or cleared by software. When the bit is “1”, the TIMER, 
interrupt (SSR6) is masked. When reset, it is set to “1”. 


Bit 3 (SSR3) 
When “1” is written in this bit, the prescaler of the transfer 
clock generator is initialized. When read, the bit always is ‘‘0”’. 


Bits 2 ~ 0 
Not used. 







SCI interrupt request 
Absent 


Present 





SSR6 TIMER, interrupt request 
0 Absent 
1 Present 







SCI interrupt mask 
Enabled 
Disabled 






TIMER, interrupt mask 
Enabled 
Disabled 






e Data Transmission 

By writing the desired control bits into the SCI control 
registers, a transfer rate and a source of transfer clock are 
determined and bits 7 and 5 of port C are set at the serial 
data output terminal and the serial clock terminal, respec- 
tively. The transmit data should be stored from the accumu- 
lator or index register into the SCI data register. The data 
written in the SCI data register is output from the C,/Tx 
terminal, starting with the LSB, synchronously with the 
falling edge of the serial clock. (See Fig. 16.) When 8 bit of 
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data have been transmitted, the interrupt request bit is set in 
bit 7 of the SCI status register with the rising edge of the last 
serial clock. This request can be masked by setting bit 5 of the 
SCI status register. Once the data has been sent, the 8th bit 
data (MSB) stays at the C7/Tx terminal. If an external clock 
source has been selected, the transfer rate determined by 
bits 0 ~ 3 of the SCI control register is ignored, and the Cs/ 
CK terminal is set as input. If the internal clock has been, 
selected, the Cs/CK terminal is set as output and clocks are 
output at the transfer rate selected by bits 0 ~ 3 of the SCI 
control register. 


Serial Clock (Cg/TR) 







Output Oata (C)/Tx) Caaioys fy) ) 
Input Oata Latch 
Timing (Cg/Ax} | | | | | | | 
Figure 16 SCI Timing Chart 


e Data Reception 

By writing the desired control bits into the SCI control 
register, a transfer rate and a source of transfer clock are de- 
termined and bit 6 and 5 of port C are set at the serial data 
input terminal and the serial clock terminal, respectively. 
Then dummy-writing or -reading the SCI data register, the 
system is ready for receiving data. (This procedure is not 
needed after reading subsequent received data. It must be taken 
after reset and after not reading subsequent received data.) 

The data from the C,/Rx terminal is input to the SCI 
data register synchronously with the rising edge of the 
serial clock (see Fig. 16). When 8 bits of data have been re- 
ceived, the interrupt request bit is set in bit 7 of the SCI 
status register. This request can be masked by setting bit 5 
of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits 0 ~ 3 of the SCI 
control register is ignored and the data is received synchro- 
nously with the clock from the C,/CK terminal. If the internal 
clock has been selected, the C,/CK terminal is set as output 
and clocks are output at the transfer rate selected by bits 0 ~ 
3 of the SCI contro! register. 


e TIMER2 

The SCI transfer clock generator can be used as a timer. 
The clock selected by bits 3 ~ 0 of the SCI control register 
(4 us ~ approx, 32 ms (for oscillation at 4 MHz)) is input to 
bit 6 of the SCI status register and the TIMER: interrupt 
request bit is set at each falling edge of the clock. Since inter- 
rupt requests occur periodically, TIMER2 can be used as a 
reload counter or clock. 


® @® @® 


@  :Transfer clock generator is reset and mask bit (bit 4 
of SCI status register) is cleared. 

@,@ : TIMER2 interrupt request 

®,® : TIMER: interrupt request bit cleared 


TIMER2 is commonly used with the SCI transfer clock 
generator. If wanting to use TIMER2 independently of the 
SCI, specify “External” (SCRS = 1, SCR4 = 1) as the SCI 
clock source. 

If “Internal” is selected as the clock source, reading or 
writing the SDR causes the prescaler of the transfer clock 
generator to be initialized. 


81/0 PORTS 

There are 24 input/output terminals (ports A, B, C). Each 
I/O terminal can be selected for either input or output by the 
data direction register. More specifically, an I/O port will 
be input if ‘O” is written in the data direction register, and 
output if “1” is written in the data direction register. Port A, 
B or C reads latched data if it has been programmed as output, 
even with the output level being fluctuated by the output 
load. (See Fig. 17.) 

When reset, the data direction register and data register go 
to “O” and all the input/output terminals are used as input 









Oats 
Orrection 
Register 






Output 
Oata 
Bit 








Bit of data 
direction 
register 







Status of 
output 


Figure 17 Input/Output Port Diagram 


Input to 
CPU 










Seven input-only terminals are available (port D). Writing 
to an input terminal is invalid. 

All input/output terminals and input terminals are TTL 
compatible and CMOS compatible in respect of both input and 
output. 

If I/O ports or input ports are not used, they should be 
connected to Vsg via resistors. With none connected to these 
terminals, there is the possibility of power being consumed 
despite that they are not used. 


@ RESET pesos 
The MCU can be reset either by external reset input (RES) 
or power-on reset. (See Fig. 18.) On power up, the reset 
input must be held “Low” for at least togc to assure that the 
internal oscillator is stabilized. A sufficient time of delay can 
be obtained by connecting a capacitance to the RES input as 
shown in Fig. 19. 
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RES 
Terminal 


internal 
Reset 


Figure 18 Power On and Reset Timing 









100k typ 





HD6305Y 
MCU 


Figure 19 Input Reset Delay Circuit 


®INTERNAL OSCILLATOR 
The internal oscillator circuit 1s designed to meet the 







EXTAL 


2 0~8 OMH2z— HD6305Y 


MCU 












XTAL 





10~ 22pF + 20% 


Crystal Oscillator 
EXTAL 


xTAL HD6305Y 
MCU 


External Ceramic Oscillator 
Clock 


Input {EXTAL 


XTAL HD6305Y 
MCU 


External Clock Drive 


Figure 20 Internal Oscillator Circuit 





requirement for minimum external configurations. It can be 
driven by connecting a crystal (AT cut 2.0 ~ 8.0MHz) or 
ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 

Three different terminal connections are shown in Fig. 20. 
Figs. 21 and 22 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 


Ci AT Cut 

Parallel 

Resonance 
Co=7pF max 

XTAL Co EXTAL f=2 0~8 OMHz 
Rs=602 max 


Figure 21 Parameters of Crystal 





re hagit (b) 
Vom Crystal 
oy) 
















Crystal 


[NOTE] Use as short wirings as possible for connection of the crystal 


with the EXTAL and XTAL terminals Do not allow these 
wirtngs to cross others 


Figure 22. Typical Crystal Arrangement 


=LOW POWER DISSIPATION MODE 


The HD6305Y has three low power dissipation modes: 
wait, Stop and standby. 


e Wait Mode 


When WAIT instruction being executed, the MCU enters 
into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions — the timer and the serial communication inter- 
face — stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and 1/O 
terminals hold their condition just before entering into the 
wait mode. 

The escape from this mode can be done by interrupt (INT, 
TIMER/INT2 or SCI/TIMER2), RES or STBY. The RES 
resets the MCU and the STBY brings it into the standby 
mode. (This will be mentioned later.) 

When interrupt is requested to the CPU and accepted, the 
wait mode escapes, then the CPU is brought to the operation 
mode and vectors to the interrupt routine. If the interrupt is 
masked by the I bit uf the condition code register, after releas- 
ing from the wait mode the MCU executes the instruction 
next to the WAIT. If an interrupt other than the INT (ie., 
TIMER/INT2 or SCI/TIMERz2) 1s masked by the timer control 
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register, miscellaneous register or serial status register, there 
iS no interrupt request to the CPU, so the wait mode cannot 
be released 

Fig. 23 shows a flowchart for the wait function. 


e Stop Mode 


When STOP instruction being executed, MCU enters into 
the stop mode. In this mode, the oscillator stops and the CPU 
and penpheral functions become inactive but the RAM, 
registers and I/O terminals hold their condition just before 
entering into the stop mode. 

The escape from this mode can be done by an extemal 
interrupt (INT or INT2), RES or STBY. The RES resets the 
MCU and the STBY bnings into the standby mode. 

When interrupt is requested to the CPU and accepted, 
the stop mode escapes, then the CPU is brought to the opera- 
tion mode and vectors to the interrupt routine. If the inter- 
rupt is masked by the I bit of the condition code register, 
after releasing from the stop mode, the MCU executes the 
instruction next to the STOP If the INT2 interrupt 1s masked 
by the miscellaneous register, there 1s no interrupt request to 
the MCU, so the stop mode cannot be released 
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Fig. 24 shows a flowchart for the stop function. Fig. 25 
shows a timing chart of return to the operation mode from 
the stop mode 

For releasing from the stop mode by an interrupt, oscilla- 
tion starts upon input of the interrupt and, after the internal 
delay time for stabilized oscillation, the CPU becomes active. 
For restarting by RES, oscillation starts when the RES goes 
“0”? and_the CPU restarts when the RES goes “1”. The dura- 


tion of RES="0" must exceed 30 ms to assure stabilized oscil- 
lation 


e Standby Mode 

The MCU enters into the standby mode when tt): STBY 
terminal goes “‘Low” In this mode, all operations stop and 
the internal condition 1s reset but the contents of the RAM are 
hold. The I/O terminals turn to high-impedance state The 
standby mode should escape by bringing STBY “High” The 
CPU must be restarted by reset The timing of input signals 
at the RES and STBY terminals 1s shown in Fig 26 

Table 4 lists the status of each parts of the MCU in each 
low power dissipation modes Transitions between each mode 
are shown in Fig 27 


(Note) 

When I bit of condition code register 1s and interrupt 
(INT, TIMER/INT,, SCI/TIMER,) is held, MCU does not 
enter WAIT mode by the execution of WAIT instruction. 

In that case, after the 4 dummy cycles MCU executes the next 
instruction ete eas ee 

In the same way, when external interrupts (INT, INT.) are 
held at the bit I set, MCU does not enter STOP mode by the 
execution of STOP instruction In that case, also, MCU executes 
the next instruction after the 4 dummy cycles. 


bd Hae 
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Figure 23 Wait Mode Flow Chart 
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Figure 24 Stop Mode Flow Chart 
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Se cgeats a 









| Time required for oscillation to become 
STOP instruction Interrupt stabilized (built-in delay time) | instractions 
executed 


restart 
(a) Restart by Interrupt 


oseitttor TTT PrecvAUUAUAUNNERAUANANEAUAUUCUCEAUUUONEQUAUUONGEAUUAUOOEEHOUUIL 
ae i 2s ng 


Time required for oscillation to become 
STOP instruction a = 
executed stabilized (tose) Reset 
start 
RES ——$——$ $$ —___ 


(b) Restart by Reset 





Figure 25 Timing Chart of Releasing from Stop Mode 


STBY 


RES 


ee re Restart 


Figure 26 Timing Chart of Releasing from Standby Mode 


Table 4 Status of Each Part of MCU in Low Power Dissipation Modes 


Condition 
Mode Start Oscil- Timer, 1/0 Escape 
ake 
lator Serial terminal 
ae in- STBY, RES, INT, INT2, 
WAIT Active Stop Active Keep Keep Keep | each interrupt request of 
Soft- a! TIMER, TIMER2, SCI 
mere STOP in- Sy C on Yo 
STOP struntion Stop Stop Keep Keep Keep | STBY, RES, INT, INT2 
Stand- hoe High im- 
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Standby 





Transitions among Active Mode, Wait Mode, 


Stop Mode, Standby Mode and Reset 


@BIT MANIPULATION 

The MCU can use a single instruction (BSET or BCLR) to 
set or clear one bit of the RAM within page 0 or an I/O port 
(except the write-only registers such as the data direction 
register) Every bit of memory or I/O within page 0 ($00 ~ 
$FF) can be tested by the BRSET or BRCLR instruction, 
depending on the result of the test, the program can branch to 
required destinations Since bits in the RAM on page 0, o1 I/O 
can be manipulated, the user may use 4 bit within the RAM on 
page O as a flag or handle a single I/O bit as an independent 
1/O terminal Fig 28 shows an example of bit manipulation 
and the validity of test instructions In the example, the pio- 
giam is configuied assuming that bit 0 of port A is connected 
to a Zero cross detector cucuit and bit 1 of the same port to 
the trigger of a triac 

The program shown can activate the triac within a ume of 
10us from zeio-crossing through the use of only 7 bytes on 
the ROM The on-chip timer provides a 1equucd ume of 
delay and pulse width modulation of power 1s also possible 


SELF 1 BRCLR 0, PORT A, SELF 1 


BSET 1,PORTA 
BCLR 1,PORTA 


Figure 28 Example of Bit Manipulation 


® ADDRESSING MODES 
Ten different addressing modes are available to the MCU. 


e Immediate 


See Fig 29. The immediate addressing mode provides 
access to a constant which does not vary dunng execution of 


the program. 


This access requires an instruction length of 2 bytes. The 


effective address (EA) 1s PC and the operand 1s fetched from 
the byte that follows the operation code 


e Direct 
See Fig 30 In the direct addressing mode, the address of 
the operand is contained in the 2nd byte of the instruction. 
The user can gain direct access to memory up to the lower 
255th addicss 192 byte RAM and I/O registers are on page 0 
of addiess space so that the direct addressing mode may be 
utilized 
e Extended 
See Fig 31. The extended addressing 1s used for referenc- 
ing to all addresses of memory. The EA 1s the contents of 
the 2 bytes that follow the operation code. An extended 
addressing instruction requires a length of 3 bytes 


e Relative 

See Fig 32. The relative addressing mode is used with 
branch instructions only. When a branch occurs, the program 
counter 18 loaded with the contents of the byte following the 
Operation code. EA = (PC) + 2 + Rel., where Rel. indicates a 
signed 8-bit data following the operation code. If no branch 
occurs, Rel. = 0. When a branch occurs, the program jumps 
to any byte in the range +129 to -127 A branch instruction 
requires a length of 2 bytes 


e Indexed (No Offset) 

See Fig 33 The indexed addressing mode allows access 
up to the lower 255th address of memory. In this mode, an 
instruction requires a length of one byte. The EA 1s the 
contents of the index register 
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e indexed (8-bit Offset) e Bit Test and Branch 


See Fig. 34. The EA is the contents of the byte follow- 
ing the operation code, plus the contents of the index register. 
This mode allows access up to the lower 511th address of 
memory. Each instruction when used in the index addressing 
mode (8-bit offset) requires a length of 2 bytes. 


e Indexed (16-bit Offset) 

See Fig. 35. The contents of the 2 bytes following the 
operation code are added to content of the index register 
to compute the value of EA. In this mode, the complete 


memory can be accessed. When used in the indexed address- 


ing mode (16-bit offset), an instruction must be 3 bytes long. 


e Bit Set/Clear 
See Fig. 36. This addressing mode is applied to the BSET 
and BCLR instructions that can set or clear any bit on page 
0. The lower 3 bits of the operation code specify the bit to 
be set or cleared. The byte that follows the operation code 
indicates an address within page 0. 






O52E,_ 





See Fig. 37. This addressing mode is applied to the BRSET 
and BRCLR instructions that can test any bit within page 0 
and can be branched in the relative addressing mode. The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. Individual bits within 
the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. Each of these instructions should be 3 bytes 
long. The value of the test bit is written in the carry bit of the 
condition code register. 


e Implied 


See Fig. 38. This mode involves no EA. All information 
needed for execution of an instruction is contained in the 
Operation code. Direct manipulation on the accumulator 
and index register is included in the implied addressing mode. 
Other instructions such as SWI and RTI are also used in this 
mode. All instructions used in the implied addressing mode 
should have a length of one byte. 


Stack Point 
Prog Count 


ae 


ae! 





Index Reg 
Stack Point 
Prog Count 


cc 


Figure 30 Example of Direct Addressing 
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Memory 


: : - 

PROG LDA CAT 0409 Index Reg 
o4oaL___06— C._) 
osoBy ES Stack Point 

8 Prog Count 
CATFCB6406E5] 40 
CC 


Figure 31 Example of Extended Addressing 


Memory 


Index Reg 


Stack Pornt 


we 
ne 


Prog Count 


PROG BEQ PROG2 04A7 
04A8 


Figure 32 Example of Relative Addressing 


: : Stack Point 

PROG LDA X O5F4 
ee a ake AT 
SF Coss) 
ae 7 
‘ e 
a | 


Figure 33. Example of Indexed (No Offset) Addressing 
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TABL FCB = BF 
FCB =86 
FCB =O0B 
FCB =CF 


PROG LDA TaBLX 0692f D6 | 
0693 
ossa{——7e__} 

JE 


TABL FCB =BF 
FCB =86 
FCB =DB 
FCB =CF 


8 
PORT 8 EQU 1 0001 


PROG BCLR6 PORT BOSseFL 1D _| 


224 





Stack Po:nt 






Prog Count 


075D 


CC 


| 


Figure 34 Example of Index (8-bit Offset) Addressing 


Memory 


Stack Point 





fog Count 


CC 


ee | 


O77E 
O77F{ 86 
o7soj_ =n 
0781 


Figure 35 Example of Index (16-bit Offset) Addressing 
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Figure 36 Example of Bit Set/Clear Addressing 
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EA 
Memory (0007 
e ' 
' : Adder 
PORT C EQU 2 0002 A 


eras 
ae |, 6606 Index - 
‘ : St ck Point 
PROG BRCLR 2 PORT C PROG 205741 05. - ee ace unt — 
0575] 02 0000 P0594 
70 CC 
Lf OR _ | 


il 


Figure 37. Example of Bit Test and Branch Addressing 


EA 


ae anes 
Ln 


A 


—— 
Index Reg 
| ES 


Prog Count 


cc 


eee 


Ll 


PROG TAX O5BA 





MI 


| 


Figure 38 Example of Implied Addressing 


@INSTRUCTION SET e Branch Instructions 
There are 62 basic instructions available to the HD6305Y A branch instruction branches from the program sequence 
MCU. They can be classified into five categones: register/ in progress if a particular condition is established. See Table 7. 
memory, read/modify/write, branch, bit manipulation, and 
control The details of each instruction are described in e Bit Manipulation Instructions 
Tables 5 through 11. These instructions can be used with any bit located up to 
the lower 255th address of memory. Two groups are available; 
e Register/Memory Instructions one for setting or clearing and the other for bit testing and 
Most of these instructions use two operands. One operand branching. See Table 8. 
is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the e Control Instructions 
HD6305Y MCU. There 1s no register operand in the uncon- The control instructions control the operation of the MCU 
ditional jump instruction (JMP) and the subroutine jump which is executing a program. See Table 9. 


instruction (JSR). See Table 5. 
e List of Instructions in Alphabetical Order 


e Read/Modify/Write Instructions Table 10 lists all the instructions used on the HD6305Y 
These instructions read a memory or register, then modify MCU in the alphabetical order. 
or test its contents, and write the modified value into the 
memory or register. Zero test instruction (TST) does not e Operation Code Map 
write data, and is handled as an exception in the read/modify/ Table 11 shows the operation code map for the instructions 
write group. See Table 6. used on the MCU. 
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Table 5 Register/Memory Instructions 


poe poe Modes j 
Indexed | Indexed | Indexed Boolean/ 
Arithmetic 
setsedl aa Extended |(No Offset) | (8-Bit Offset) | (16-8it Offset) Operation 
+ z | ~ 


Operations 


Load A from Memory 
Load X from Memory 











Store A in Memory 


4 je7| 2 | 4/07] 3] 5 | A“ 
Store X in Memory | 1] 4 fer] 2] 4 [oF] 3/5 | X—M 

Add Memory to A ci cB ats [1 [3 {€8| 2 | 4 [oB| A+M—A 
Add Memory and Carry 

7 sh Tole tells anes 


Subtract Memory 





ndslelslcd.t ASMA 


Subtract Memory from 
A with Borrow 

AND Memory to A 
OR Memory with A 


A4 ' 
AA 7 4s me 
Exclusive OR Memory. - ” 
with A A8 7 e D8} 3 
Anthmetic Compare A iia 4 ; 
with Memory 81 Fe pee 3 F 
Arithmetic Compare x ‘. 
Se 




















with Memory 


Bit Test Memory w with 
A (Logical Compare) 





_Jump Unconditional 


“Jump to Subroutine 





i 
Fo ota eleslal vis 


Table 6 Read/Modify/Write Instructions 


Symbols. Op = Operation 
# = Number of bytes 
~ = Number of cycles 





Addressing Modes 








Operations 
[OP | | 
Increment INC 3c 
——— Pee SuHaaeet pe 
Clear vo a CLR | cuR [ae 
Complement COM noe ni dclels|s a at rtetes 


Negate 00-—A-—A or 00-X—X 


(2's Complement) ele 00-M-—-M 


se leds labelsle 


Logical Shift Left 





As] 2 | 2 [66] at eS |] # (BS) 3 BRE 
jAe| 2 | 2 [ae | eae rtafetate eerste tie x Bae 
F7 








Condition 
e 


pH] i injzic 


ee 


ete eee 


>{@;e@ 


>> 


ae eee 


@;@;> 


Condition 
e 







LSL BBE 


Logical Shift Right =H 


Arithmetic Shift Right 


Arthmetc Shttteh | ASL ‘(48 


Test for Negative 
or Zero 


Symbols Op = Operation 
# = Number of bytes 
~ = Number of cycles 
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Table 7 Branch Instructions 


Addressing Modes | sind 
: : Condition Code 
Operations Branch Test 














ror] | HIN [2 [Cc 
Branch Always 2 f@elelele| e 
Branch Never BRN 21 2 pelelele e 
Branch IF Higher BHi | 22/ 2 Felejele 
Branch IF Lower or Same 23 eee pelele e 
Branch IF Carry Clear 24 2 it e 
(Branch IF Higher or Same) | 24) 2 | pele ® 
Branch IF Carry Set | 25 | 2 | pelele| eo 
(Branch IF Lower) | 25 | 2 | pelele e 
Branch IF Not Equal | 26 | 2 | EELS. e 
Branch IF Equal 27 | 2 | He | @ 
Branch IF Half Carry Clear 28 e e 
Branch IF Half Carry Set 29 He Go @ 
Branch IF Plus 2 ee @ 
Branch IF Minus 2 e 
“Branch IF Interrupt Mask 
Bit 1s Clear 2 I e 





Branch IF Interrupt Mask 
Bit ts Set 
Branch IF Interrupt Line 





is Low 





Branch IF Interrupt Line 
Is High 
Branch to Subroutine 








CECE MCE 
oO wW 

ae 

It 

| 

| 

| 

: 

| 

| 

| 

| 
ere ie je ie [ejeleie| 
jeje fe |e | 

e 


Symbols: Op = Operation 
# = Number of bytes 
~ = Number of cycles 


Table 8 Bit Manipulation Instructions 











Addressing Modes 
Bit Set/Clear 


Boolean/ 
Bit Test and Branch | Arithmetic 
eae Operation 





Operations 





Condition Code 
Test 

| op fe {[-| op fs | FHU Ni zic 

Branch F Bt nisset | BASETain=O-7| -|-|—-| 20 13/5 re ; 

Branch IF Bit nis clear | BRCLR n(n=O---7) | = [| =] = [014+2-n] 3 | — Hite A 

Set Bit n BSET n(n=0--7) | 10+2-n| 2 | 5 | on a 

Clear Bitn facta nin=O-7) [1142-n]2/6| — |-|— 


Symbols: Op = Operation 
# = Number of bytes 
~ = Number of cycles 
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Operations 


“Transfer A to X 
Transfer X to A 
Set Carry Bit 
Clear Carry Bit 
Set interrupt Mask Bit 
Clear Interrupt Mask Bit 
Software Interrupt 
Return from Subroutine 
Return from Interrupt 
Reset Stack Pointer 
No- Operation 
Decimal! Adjust A 
Stop 
Wait 


Symbols. Op = Operation 
# = Number of bytes 
~ = Number of cycles 








hMnemonic 
Implied 








BIT 
(BLO) 
BLS 
BMC 
BMI! 
BMS 
BNE 
BPL 
BRA 
Condition Code Symbols. 

Half Carry (From Bit 3) 
Interrupt Mask 


Negative (Sign Bit) 
Zero 


| 
; |xIx 
f j 


N2Z- =x 


HD6305Y2, HD63A05Y2, HD63BO05Y2 


Table 9 Control Instructions 


Addressing Modes 








Boolean Operation 








Condition Code 


Advance Prog Cntr Only 
Converts binary add of BCD charcters into 
CO format 











i@iele;i~ 


i 








* Are BCD characters of upper byte 10 or more? (They are not cleared 1f set in advance.) 


Immediate 


TEL | | , 7 


~eronm 


Table 10 Instruction Set (in Alphabetical Order) 


Addressing Modes 


Extended 


Direct 


Relative 


: 









tf 
aa w,4 





he 








Carry, Borrow 


Test and Set tf True, Cleared Otherwise 


Not Affected 


petee a 


KIX] KK x 


Indexed 
(No Offset) 












Load CC Register From Stack 






Indexed 
(1 6-Bit) 


Indexed 
(8-Bit) 
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| 
ry 
| 
Ps 











Condition Code 
Bit Bt a 
Set/ Test & 
Clear Branch | H N C 
: aa (i A A 
es an fy, alata 
aan oe Slee us 
ae aC a 
tea mara ae 
oe a 





lele 


tele 








elel=l*[=]eel=[e[elellelele efele >) > PIs 


C/elelelejeleleleieleielejejiejejeje 


: (to be continued) 
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Table 10 Instruction Set (in Alphabetical Order) 



















































Addressing Modes Condition Code 
VPS 7 eter oe eS Ys a — nies “Bt |) Bt of - 
Mnemonic Indexed | Indexed | Indexed Set Test & 
Implied | Immediate | Direct | Extended) Relative | (No Offset); (8-Bit) | (16-Bit) Clear Branch | H nue Cc 
“BRNO at anenr caees oe >|. ee. aids. ff elelelele 
eee a oo, Sas. VE Rebate! One sso) tas ae 

x e | 8 | A 
eens | 7h oe = _ 7 ge ig a 
icaaanne’ — - Soe eee eo 
Bea ae ed Meth Ticks le eos oc Mee ee a ee Re a BO ee eremecan ir ad 
Ce et SN AE Se Oe ee 9 AA 

x ene ees ae CRE. 
x x er ORES ee 

a REE 
eee ae ee ee x pene As 

a 2 eee ee 
Sal (PO Oe oe Ge Sis AlAle 
eSNG AC Gt Sel Ve SE ET CI ° 
Ht ep ee pee [eels <)¢ 
i ae ee ee a ee ee Se AT e 

x : x : ee elas 

a EE 
a ae See: x tee Mae nCeE 
x nee x iain ees Cae 
Looe i. coe eae! Seema GA felelele 
ae ee ee : Soeies OMR ACIS ° 

eM ne! GS F9G OR ae Sea SN 3 
+} —— iss j 

a a ae ree) elelele 

ee teat fem AA 

Pweee ot = ele e;e/|e 
— 5 ce ee Ie CSRS 

aa eee ENS 

+ ° 

ae PS | vA |e 

Se Sa SCS pels | els 

es nee 6 ° 

leaeneal x ae 

i ee oe ee IC 

ee oes ees a: 

oa ‘aoe owe eae ° 

ae coe aie Geese SCALE ° 

ee a er ee ee ee 


Condition Code Symbols 


H Half Carry (From Bit 3) C Carry Borrow 

| Interrupt Mask / Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e Not Affected 

Z Zero ? Load CC Register From Stack 
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Table 11 Operation Code Map 





Bit Manipulation _ 








Test & Set. 
Branch 


























Read. I a Control . wee = 

; acs on 
T a an 

i - | 

{ | X | x1 | XO al IMP IMM | DIR EXT apr 

ah eres Sareea = Sal a: ons -—+ 

3 alsie[7 a2 EE 



































































































































0 1 i ete A |B — HIGH 

oO! BRSETO | BSETO oe. EGY Co 7 aie ee ‘“ 

1 | BRCLRO | BCLRO Se NTS | Se en ee 

2 | BRSET1 | BSETI ee “he ke BE 
E BRCLR1 | BCLR1 7 COM - {sw =f ePx . L 
4 | BRSET2 | BSET2 LSR Sar AND 
[5 | ercure | cin2 | ac ee eee i an ae 

6 | BRSETS | BSET3 | _ ROR oy , 
Ea BRCLR3 | BCLR3 BE [Tax | _sSTa 
(8! BRSET4 | BSET4 | cic) ~ €OR——~™Y 
po] BRcLRa | BCLRa 7 BHCS | SEC; AOE 

A | BRSETS CLI* ORA 
[B| BRCLR5S | SEI* AOD _ 
| C | BRSET6 RSP" — MP(-1)0 
'D| BRCLRE | sri-1] TST | T - IDAA*| NOP _JSR(+2) | JSR(+1) [ssa+2 

E| BRSET7 oe STOP x 

F | BRCLR7 “CLR lwait'|txatl - | stx 

| 386 b 2/3 2/5][ 1/2] 1/2[2/6[1 5) 47 [477 ets] 3/4] 3/5 | 2/4) 1/3 














(NOTES) 1. ‘’—'' is an undefined operation code 





2. The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number of cycles) 
The number of cycles for the mnemonics asterisked (*) 1s as follows. 


RTI 8 TAX 2 
RTS 5 RSP 2 
Swi 10 TXA 2 
DAA 2 BSR 5 
STOP 4 CLI 2 
WAIT 4 SEI 2 


3. The parenthesized numbers must be added to the cycle count of 


@ Additional Instructions 
The following new instructions are used on the HD6305Y 

DAA Converts the contents of the accumulator into BCD 
code. 

WAIT Causes the MCU to enter the wait mode. For this mode, 
see the topic, Wait Mode. 

STOP Causes the MCU to enter the stop mode. For this mode, 
see the topic, Stop Mode. 


m@ PRECAUTION 1—BOARD DESIGN OF 

OSCILLATION CIRCUIT 

When connecting crystal and ceramic resonator with the XTAL 
and EXTAL pins to oscillate, observe the following in designing 
the board. 

(1) Locate crystal, ceramic resonator, and load capacity C, and Cz 
as near the LSI as possible. (Induction of noise from outside to 
the XTAL and EXTAL pins may cause trouble in oscillation.) 

(2) Wire the signal lines to the neighbouring XTAL and EXTAL 
pins as far apart as possible. 

(3) Board design of situating signal lines or power supply lines near 
the oscillator circuit as shown tn Fig. 40, should not be used 
because of trouble in oscillation by induction. The resistor 
between the XTAL and EXTAL, and pins close to them should 
be 1OM Q or more. The circuit in Fig 39 1s an example of good 
board design 


the particular instruction 


@ PRECAUTION 2—PROGRAM OF WRITE ONLY REGISTER 
Read/Modify/Write instructions are unavailable for changing the 
contents of Write Only Register (e g. DDR, Data Direction Register 
of I/O port) of HD6305X, HD6305Y and HD63PO0SY. 
(1) Data cannot be read from write only register. (e.g. DDR of I/O 
port) 
While read/modify/write instructions are executed in the follow- 
ing sequence. 
(i) Reads the contents from appointed address. 
(i1) Changes the data which has been read. 








HD6305X [1] 
HD6305Y 
HD63P05Y 






Figure 39 Design of Oscillation Circuit Board 
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(iii) Turn the data back to the original address. 
Thus, read/modify/write instructions cannot be applied to 
write only register such as DDR. 
(2) For the same reason, do not set DDR of I/O port using BSET and 
BCLR instructions. 
(3) Stored instructions (e.g. STA and STX, etc.) are available for 
writing into the write only register. 


@ PRECAUTION 3—SENDING/RECEIVING PROGRAM OF 
SERIAL DATA 
Be careful that malfunction may occur if SDR (SERIAL DATA 
REGISTER: $0012) is read or written during transmitting or receiv- 
ing serial data. 


@ PRECAUTION 4—WAIT/STOP INSTRUCTIONS PROGRAM 

When I bit of condition code register is ‘‘1”’ and an interrupt 
(INT), TIMER/INT>) is held, the MCU does not enter into WAID 
mode by executing the WAIT instruction. 

In that case, after the 4 dummy cycles, the MCU executes the next 
instruction. 

In the same way, when external interrupts (INT, INT) are held at 
the bit I set, the MCU does not enter into the STOP mode by execut- 
ing STOP instruction. In that case the MCU executes the next in- 
struction after the 4 dummy cycles. 


-Signal B 







Signal C 


~-|--|--Signal A 


HD6305X 
HD6305Y 
HD63P05Y 






Figure 40 Example of Circuit Causing Trouble in Oscillation 


@ PRECAUTION WHEN USING BIL/BIH INSTRUCTION 
(1) Execute Instruction after the INT Voltage level has stabilized 
above Vj or below Vj, . 
(2) INT voltage level needs to be stabilized while BIL/BIH Instruc- 
tion Execution. 
There may be a malfunction by glitch on control signal_if 
BIL/BIH Instruction Execution has exercized in unstablized INT 
signal level. 







N 


E 


\ f 


Avoid BIL/BIH Instruction Execution 


@ PRECAUTION TO USE BSR 
If there is 2nd BSR programmed on the address which is directed 
by first BSR, 2nd BSR may not be executed correctly. For this 
reason, BSR should not be programmed on the address which is 
directed by first BSR. 
If necessary, please program as following. 
(1) On the address which first BSR directed, NOP instruction 
should be inserted before second BSR. 
(2) On the address which first BSR directed, JSR instruction should 
be programmed instead of 2nd BSR. 


BSR LBL1 
| 
LBL1 BSR LBL2 =, 
{ 
l 
| 
LBL2 —-—-- 0 ~~ a) | 
UBL3 ——=y= 0 Sono 


example of malfunction 
of 2nd BSR execution 


er LBLI1 
| 
| 
| 
LBL1 NOP 


BSR LBL2 


| 
Leesa “ee 


1 

\ 
example of counter measure 
(NOP 1s inserted) 


BSR LBL1 

{ 

{ 

| 


LBL1 JSR  LBL2 
| 


| 
| 
| 
| 


LBL2———— 


example of counter measure 
(JSR is used instead of BSR) 
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HD63B09, HD63C09 ——____ 
CMOS MPU (Micro Processing Unit) 


Description Pin Arrangement 


The HD6309 is the highest 8-bit microprocessor 
of HMCS6800 family, which is compatible with the 
conventional HD6809. 


The HD6309 has hardware and software features 
which make it an ideal processor for higher level 
language execution or standard controller applica- 
tions. 


The HD6309 is complete CMOS device and its 
power dissipation is extremely low. Moreover, the 
SYNC and CWAI instruction makes low power 
application possible. 


Features 


@ Hardware 
—Interfaces with all HMCS6800 peripherals 
—DMA transfer with no auto-refresh cycle 
@ Software: object code compatible with the 
HD6809 
@ Low power consumption mode (Sleep mode) (Top view) 
~SYNC state of SYNC Instruction 
—WAIT state of CWAI Instruction 
@ On chip oscillator @® PLCC package available 
@ Wide operation range: f = 0.5 to 3 MHz (Vcc = 
5 V+10%) 








BS FIRQ IRQ NM! Vsg Vgg HALT XTAL EXTAL RES MADY 


Type of Products a a aaa ies Tae a? a a a 
Q 

Type No. Bus Timing : 

HD63BO09 2.0 MHz OMA/BREO 


ea stern emnmernnntinn anne erwmnananirateatAteeitenneyte AeA itne neha niet rtnnenn eet com Si hv TET atin senenemttrweenereein ee heen them 


HD63C09 3.0 MHz 


27 26 


8 19 «2 21H 
> ed oe teehee eed ae eek Go eed ak - 


NC Ag Arp Any Ag NC Ag Aggy NC 


(Top View) 
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Block Diagram 


Ao~Ai5 Do—D7 
x h — 
+—— Vss 
16 





RES 
NMI 
Y eee 
Interrupt FIRQ 
Control 
: ae 
— i 


cc | Bus HALT 
Control BA 


BS 

XTAL 

EXTAL 
ALU Timing 

MRDY 

E 

Q 
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Programming Model 


As shown in figure 1, the HD6309 adds three 
registers to the set available in the HD6800. The 
added registers are a direct page register, the user 
stack pointer and a second index register. 


Accumulators (A, B, D) 


The A and B registers are general purpose 
accumulators which are used for arithmetic calcu- 
lations and manipulation of data. 


Certain instructions concatenate the A and B 
registers to form a single 16-bit accumulator. This 
is referred to as the D register. It is formed with the 
A register as the most significant byte. 


Direct Page Register (DP) 


The direct page register of the HD6309 serves to 
enhance the direct addressing mode. The contents 
of this register appears at the higher address out- 
puts (Ag — A;s5) during direct addressing instruction 
execution. This allows the direct mode to be used at 
any place in memory, under program control. To 
ensure HD6800 compatibility, all bits of this regis- 
ter are cleared during processor reset. 


Index Registers (X, Y) 


The index registers are used in indexed mode 
addressing. The 16-bit address in this register takes 


— Index Register 


Y — Index Register 
U — User Stack Pointer 


part in the calculation of effective addresses. This 
address may be used to point to data directly or 
may be modified by an optional constant or register 
offset. In some indexed modes, the contents of the 
index register are incremented or decremented to 
point to the next item of tabular data. All four 
pointer registers (X, Y, U, S) may be used as index 
registers. 


Stack Pointer (U, S) 


The hardware stack pointer (S) is used automat- 
ically by the processor during subroutine calls and 
interrupts. The stack pointers of the HD6309 point 
to the top of the stack, in contrast to the HD6800 
stack pointer, which pointed to the next free loca- 
tion on the stack. The user stack pointer (U) is 
controlled exclusively by the programmer thus 
allowing arguments to be passed to and from su- 
broutines with ease. Both stack pointers have the 
same indexed mode addressing capabilities as the X 
and Y registers, but also support push and pull 
instructions. This allows the HD6309 to be used 
efficiently as a stack processor, greatly enhancing 
its ability to support higher level languages and 
modular programming. 


Note: The stack pointers of the HD6309 point to the 
top of the stack, in contrast to the HD6800 
stack pointer, which pointed to the next free 
location on stack. 


Pointer Registers 


S — Hardware Stack Pointer. —_ 


Program Counter 


Accumulators 


Direct Page Register 


CC — Condition Code Register 





Figure 1. Programming Model of The Microprocessing Unit 
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Program Counter (PC) 


The program counter is used by the processor to 
point to the address of the next instruction to be 
executed by the processor. Relative addressing is 
provided allowing the program counter to be used 


HD63B09, HD63C 


re 


like an index register in some situations. 
Condition Code Register (CC) 


The condition code register defines the state of 
the processor at any given time. See figure 2. 





Condition Code Register Description 
Bit 0 (C) 


Bit 0 is the carry flag. It is usually the carry from 
the binary ALU. C is also used to represent a ‘bor- 
row’ from subtract-like instructions (CMP, NEG, 
SUB, SBC). Then, it is the complement of the carry 
from the binary ALU. 


Bit 1 (V) 


Bit 1 is the overflow flag. It is set to a one by an 
operation which causes a signed two’s complement 
arithmetic overflow. This overflow is detected in 
an operation in which the carry from the MSB in 
the ALU does not match the carry from the MSB 
minus 1. 


Bit 2 (Z) 


Bit 2 is the zero flag. It is set to one if the result 
of the previous operation was identically zero. 


Bit 3 (N) 
Bit 3 is the negative flag. It contains exactly the 
value of the MSB of the result of the preceding 


operation. Thus, a negative two’s-complement 
result will leave N set to one. 


Bit 4 (1) 


Bit 4 is the IRQ mask bit. The processor will not 


eletuliiwiz}vic 


Carry 
Overflow 


Zero 
Negative 
(RQ Mask 
Half Carry 
FIRQ Mask 
Entire Fiag 


Figure 2. Condition Code Register Format 


recognize interrupts from the IRQ line if this bit is 
set to one. NMI, FIRQ, IRQ, RES, and SWI all set 
I to one; SWI2 and SWI3 do not affect I. 








Bit 5 (H) 


Bit 5 is the half-carry bit. It is used to indicate a 
carry from bit 3 in the ALU asa result of an 8-bit 
addition only (ADC or ADD). This bit is used by the 
DAA instruction to perform a BCD decimal add 
adjust operation. The state of this flag is undefined 
in all subtract-like instructions. 


Bit 6 (F) 


Bit 6 is the FIRQ mask bit. The processor will not 
recognize interrupts from the FIRQ line if this bit is 
a one. NMI, FIRQ, SWI, and RES all set F to one. 
IRQ, SWI2 and SWI3 do not affect F. 











Bit 7 (E) 


Bit 7 is the entire flag. Set to one, it indicates that 
the complete machine state (all the registers) was 
stacked, as opposed to the subset state (PC and CC). 
The E bit of the stacked CC is used on a return 
from interrupt (RTI) to determine the extent of the 
unstacking. Therefore, the current E left in the 
condition code register represents past action. 
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Signal Description 
Power (Vss, Vcc) 


Two pins supply power to the part: Vss is ground 
or 0 volts, while Vcc is +5.0 V +10%. 


Address Bus (Ay — Ais) 


Sixteen pins output address information from the 
MPU onto the address bus. When the processor 
does not require the bus for_a data transfer, it will 
output address FFFF\,, R/W =high, and BS=low. 
This is a “dummy access” or VMA cycle (see fig- 
ures 25 and 26). All address bus drivers are made 
high impedance when the bus available output (BA) 
is high. Each pin will drive one Schottky TTL load 
or four LS TTL loads, and typically 90 pF. 





Data Bus (Do —D; ) 


These eight pins provide communication with the 
system bi-directional data bus. Each pin will drive 
one Schottky TTL load or four LS TTL loads, and 
typically 130 pF. 





Read/Write (R/W) 


This signal indicates the direction of data trans- 
fer on the data bus. A low indicates that the MPU 
is writing data onto the data bus. R/W is made high 
impedance when BA is high. Refer to figures 25 and 
26. 


Reset (RES) 


A low level on this Schmitt-trigger input for 
greater than one bus cycle will reset the MPU, as 
shown in figure 3. The reset vectors are fetched 
from locations FFFE,, and FFFFi, (table 2) when 
interrupt acknowledge is true, (BA + BS=1). During 
initial power-on, the reset line should be held low 
until the clock oscillator is fully operational. See 
figure 4. 


Because the HD6309 reset pin has a Schmitt- 
trigger input with a threshold voltage higher than 
that of standard peripherals, a simple R/C network 
may be used to reset the entire system. This higher 


Table 1. Pin Description 
Symbol Pin No. 1/O Function 
Vss 1 Ground 
NMI 2 | Non maskable interrupt 
IRQ 3 | Interrupt request 
FIRG 4 | Fast interrupt request 
BS, BA 5,6 O Bus status, Bus available 
Vec 7 +5 V power supply 
Ao —Ais 8-23 O Address bus, bits 0-15 
Dz —-Do 24-31 1/0 Data bus, bits O-7 
R/W 32 O Read / Write output 
DMA/BREQ 33 | DMA Bus request 
E,Q 34, 35 O Clock signal 
MRDY 36 | Memory ready 
RES 37 | Reset input 
EXTAL, XTAL 38, 39 | Oscillator connection 
HALT 40 | Halt input 
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threshold voltage ensures that all peripherals are 
out of the reset state before the processor. 


Halt (HALT) 


A low level on this input pin will cause the MPU 
to stop running at the end of the present instruction 
and remain halted indefinitely without loss of data. 
When halted, the BA output is driven high indicat- 
ing the buses are high impedance. BS is also high 
which indicates the processor is in the halt or bus 
grant state. While halted, the MPU will not respond 
to external realtime requests (FIRQ, IRQ) although 
DMA/BREQ will always be accepted, and NMI or 
RES will be latched for later response. During the 
halt state, Q and E continue to run normally. If the 
MPU is not running (RES), a halted state (BA + BS 
= 1) can be achieved by pulling HALT low while 
RES is still low. See figure 5. 











Bus Available, Bus Status (BA, BS) 


The BA output is an indication of an internal 
control signal which makes the MOS buses of the 
MPU high impedance. This signal does not imply 
that the bus will be available for more than one 
cycle. When BA goes low, an additional dead cycle 
will elapse before the MPU acquires the bus. 


The BS output signal, when decoded with BA, 
represents the MPU state. 


Table 2. Memory Map for Interrupt Vectors 


ie En 


HD63B09, HD63C09 


Interrupt Acknowledge is indicated during both 
cycles of a hardware vector fetch (RES, NMI, 
FIRQ, IRQ, SWI, SWI2, SWI3). This signal, plus 
decoding of the lower four address lines, can pro- 
vide the user with an indication of which interrupt 
level is being serviced and allow vectoring by 
device. See Table 2. 





Sync Acknowledge is indicated while the MPU is 
waiting for external synchronization on an inter- 
rupt line. 


Halt/Bus Grant is true when the HD6309 is in a 
halt or bus grant condition. 


Non Maskable Interrupt (NMI) 


A negative edge on NMI requests that a non- 
maskable interrupt sequence be generated. A non- 
maskable interrupt cannot be inhibited by the pro- 
gram, and also has a higher priority than FIRQ, 
IRQ or software interrupts. During recognition of 
an NMI, the entire machine state is saved on the 
hardware stack. After reset, an NMI will not be 
recognized until the first program load of the 
hardware stack pointer (S). The pulse width of NMI 
low must be at least one E cycle. If the NMI input 
does not meet the minimum set up with respect to 
Q, the interrupt will not be recognized until the next 
cycle See figure 6. 














Table 3. MPU State Definition 


Memory Map for BA BS MPU State 
Vector Locations 
Sea Interrupt Vector 0 0 Normal (Running) 
MS LS Description 0 1 Interrupt or RESET Acknowledge 

= 1 0 SYNC Acknowledge 
FFFE FFFF RE 1 1 HALT or Bus Grant 
FFFC FFFD NMI 
FFFA FFFB SWI 
FFF8 FFF9 IRO 
FFF6 FFF7 FIRO 
FFF4 FFF5 SWI12 
FFF2 FFF3 SW13 
FFFO FFF 1 Reserved 

© HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


237 





8EC 


00€8-68S (Sir) © GL81-SOOrE VO ‘aUegsHg e AMYq JUIOd BL9IS O00? © PZEld IYORNH © Pl] “BOVaWY 1yde}IH 


IHOVLIH © 
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i 
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tece 






RES 40V seu) 40V MLL ae 
trac New New ; New New 


PC+1 teer | | PC = PC+1 


nado TINNY AK XEEX OX) 





sa MN OK KK XX NY 
Bus 
New PC New PC VMA First New PC New PC VMA First 
CEANNNANNNNAVAARAANNN Hi Byte Lo Byte Instruction Hi Byte Lo Byte Instruction 
QT SSS cs si SSSR SRSSSSESS SS 
_ANNNNRONY “VAAL Cn Seen oe ———___—. 


Figure 3. RES Timing 


‘600€9CH ‘60d €9dH 








HD63B09, HD63C09 


HD6309 


Y Gn Court 
12 MHz 10~20 pF +20% 10~20 pF +20% 
8 MHz 10~20 pF +20% 10~20 pF +20% 


Gin Court 
AT Cut Parallel Resonance Crystal | | 
Co =7 pF max 


Rs=60 0 max 





Figure 4. Crystal Connections and Oscillator Start Up 


2nd To Last ‘4st raed 


Cycle of Instruction 
Current Current bead Dead "" Fetch [Instruction Dead 


Inst | nst | Cycle | | Cycle | ne Cycle | Halted 


tPCsH 
tect 
HALT Vin 0.8V 


Bus 


Instruction 
Opcode 





Figure 5. HALT and Single Instruction Execution for System Debug 
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Last Cycle 

of Current Instruction 

instruction Fetch 
nn Interrupt Stacking and Vector Fetch Sequence rm 


m~2 m-1 m m+1im+2 m+3m+4m+5 m+6 m+7 m+8 m+9m+ 10Mm+t 11m + 12m + 13m + 14m + 15m + 16m + 17M + 1 n n+] 
ELT ee eee eee i eer a ee ee Le eer Le 

















a Cs ay FO 
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Figure 7. FIRQ Interrupt Timing 
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Fast Interrupt Request (FIRQ) 


A low level on FIRQ input will initiate a fast 
interrupt sequence provided its mask bit (F) in the 
CC is clear. This sequence has priority over the 
standard interrupt request (IRQ). It is fast in the 
sense that it stacks only the contents of the condi- 
tion code register and the program counter. The 
interrupt service routine should clear the source of 
the interrupt before doing an RTI. See figure 7. 


Interrupt Request (IRQ) 


A low level input on IRQ will initiate an interrupt 
request sequence provided the mask bit (I) in the CC 
is clear. Since IRQ stacks the entire machine state 
it provides a slower response to interrupts than 
FIRQ. IRQ also has a lower priority than FIRQ. 
Again, the interrupt service routine should clear the 
source of the interrupt before doing an RTI. See 
figure 6. 





Note: NMI, FIRQ, and IRQ requests are sampled on 
the falling edge of Q. One cycle its required 
for synchronization before these interrupts 
are recognized. The pending interrupt(s) will 
not be serviced until completion of the cur- 
rent instruction unless a SYNC or CWAIT 
condition is present. If[RQ and FIRQ do not 
remain low until completion of the current 
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instruction they may not be recognized. 
However, NMI is latched and need only 
remain low for one cycle. 





XTAL, EXTAL 


These two pins are connected with parallel reso- 
nant fundamental crystal, AT cut. Alternately, the 
pin EXTAL may be used as a TTL level input for 
external timing with X TAL floating. The crystal or 
external frequency is four times the bus frequency. 
See figure 4. Proper RF layout techniques should be 
observed in the layout of printed circuit boards. 


Note for Board Design of the Oscillation Cir- 
cuit: In designing the board, the following notes 
should be taken when the crystal oscillator is used. 
See figure 8. 


1. Crystal oscillator and load capacity Cin, Cout 
must be placed near the LSI as much as pos- 
sible. (Normal oscillation may be disturbed 
when external noise is induced to pin 38 and 
39.) 


2. Pin 38 and 39 signal line should be wired apart 
from other signal line as much as possible. 
Don’t wire them in parallel with other lines. 
(Normal oscillation may be disturbed when E 
or Q signal feeds back to pin 38 and 39.) 








Figure 8. Board Design of the Oscillation Circuit 
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Designs to be Avoided: A signal line or a 
power source line must not cross or go near the 
oscillation circuit line as shown in figure 9 to pre- 
vent induction from these lines. The resistance 
between XTAL, EXTAL and other pins should be 
over 10 MQ. 


E,Q 


E is similar to the HD6800 bus timing signal 4»: Q 
is a quadrature clock signal which leads E. Q has no 
parallel on the HD6800. Data is latched on the 
falling edge of E. Timing for E and Q is shown in 
figure 10. 


Memory Ready (MRDY) 


This input control signal allows stretching of E 
and Q to extend data-access time. E and Q operate 
normally while MRDY is high. When MRDY is low, 
E and Q may be stretched in integral multiples of 
half (1/2) bus cycles, thus allowing interface to slow 
memories, as shown in figure 11. The maximum 
stretch is 5 microseconds. 


During nonvalid memory access (VMA cycles) 
MRDY has no effect on stretching E and Q: this 
inhibits slowing the processor during “don’t care” 


gnal A 


77) 
! 
! 
; 

T 
' 

xX 
! 
] 





bus accesses. MRDY may also be used to stretch 
clocks (for slow memory) when bus control has 
been transferred to an external device (through the 
use of HALT and DMA/BREQ). 





MRDY also stretches E and Q during dead cycles. 
DMA Bus Request (DMA/BREQ) 


The DMA/BREQ input provides a method of 
suspending execution and acquiring the MPU bus 
for another use, as shown in figure 12. Typical uses 
include DMA and dynamic memory refresh. 


Transition of DMA/BREQ should occur during 
Q. A low level on this pin will stop instruction 
execution at the end of the current cycle. The MPU 
will acknowledge DMA/BREQ by setting BA and 
BS to high level. The HD6309 does not perform the 
auto-refresh executed in the HD6809. See figure 13. 


Typically, the DMA controller will request to use 
the bus by asserting DMA/BREQ pin low on the 
leading edge of E. When the MPU replies by setting 
BA and BS to one, that cycle will be a dead cycle 
used to transfer bus mastership to the DMA con- 
troller. 


Must be avoided. 





Figure 9. Example of Normal Oscillation may be Disturbed 
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False memory accesses may be prevented during high), another dead cycle will elapse before the 
dead cycles by developing a system DMAVMA MPU accesses memory, to allow transfer of bus 
signal which is low in any cycle when BA has mastership without contention. 
changed. 


The DMA/BREQ input should be tied high during 
When BA goes low (a result of DMA/BREQ= reset state. 








Start of Cycle End of Cycle (Latch Data) 
| 


E | | 









0.8V 





Figure 10. E/Q Relationship 


Figure 11. MRDY Clock Stretching 


© HITACHI 
Hitachi America, Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 243 











HD63B09, HD63C09 





MPU Operation 


During normal operation, the MPU fetches an ware instructions that alter normal MPU operation 
instruction from memory and then executes the are: SWI, SWI2, SWI3, CWAI, RTI and SYNC. An 
requested function. This sequence begins at RES interrupt, HALT or DMA/BREQ can also alter the 
and is repeated indefinitely unless altered by a normal execution of instructions. Figure 14 illus- 
special instruction or hardware occurrence. Soft- trates the flow chart for the HD6309. 


OMA/BREQ NAN BV 


tect 


tap 


BMAVMA * / \ / \ 
ADOR 
(MPU) 
ADOR 





* DMAVMA is developed externally, but it is a system requirement for DMA. 


Figure 12. Typical DMA Timing 


pil eee OMA Cycles 











*DMAVMA is developed externally, but it is a system requirement for DMA. 
The HD6309 does not perform the auto-refresh executed in the HD6809. 


Figure 13. DMA Timing 
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Unswck A, 8, 
OP, X, Y, U, PC 


Note: Asserting RES will result in entering the reset sequence from any point in the flow chart. 


Cir <> Set <ewid> 
N 
N 


DMAREQ 
Sequence 


E 


Stack 
Pc, CC 


On 
Latch 
Interrupt 
N 
<> [ Restore BA, BS | BA, 8S 


a Processing 





g 
CWA! 


HD6309 Interrupt Structure 














Bus State BA BS 
Running 0) O 
Interrupt or Reset Acknowledge 0) 1 
Sync 1 0 
Halt/Bus Grant 1 





Figure 14. Flowchart for HD6309 Instruction 





600€9dH ‘60dE9dH 


246 


HD63B09, HD63C09 


Addressing Modes 


The basic instructions of any computer are 
greatly enhanced by the presence of powerful ad- 
dressing modes. The HD6309 has the most complete 
set of addressing modes available on any micro- 
computer today. For example, the HD6309 has 59 
basic instructions, however, it recognizes 1464 dif.- 
ferent variations of instructions and addressing 
modes. The addressing modes support modern pro- 
gramming techniques. The following addressing 
modes are available on the HD6309: 


Implied (includes accumulator) 
Immediate 

Extended 

Extended indirect 

Direct 

Register 

Indexed 

— Zero- offset 

—Constant offset 

~ Accumulator offset 

— Auto increment/decrement 
Indexed indirect 

Relative 

Program counter relative 


Implied (Includes Accumulator) 


In this addressing mode, the opcode of the 
instruction contains all the address information 
necessary. Examples of implied addressing are: 
ABX, DAA, SWI, ASRA, and CLRB. 


Immediate Addressing 


In immediate addressing, the effective address of 
the data is the location immediately following the 
opcode (i.e., the data to be used in the instruction 
immediately follows the opcode of the instruction). 
The HD6309 uses both 8-and 16-bit immediate 
values depending on the size of the argument speci- 
fied by the opcode. Examples of instructions with 
immediate addressing are: 


LDA #$20 


LDX #$F000 
LDY #CAT 


Note: # signifies immediate addressing, $ signifies 
hexadecimal value. 


Extended Addressing 


In extended addressing, the contents of the two 
bytes immediately following the opcode fully spec- 





extended instruction defines an absolute address 
and is not position independent. Examples of 
extended addressing include: 


LDA CAT 
STX | MOUSE 
LDD = $2000 


Extended Indirect 


As a special case of indexed addressing (discus- 
sed below), one level of indirection may be added to 
extended addressing. In extended indirect, the two 
bytes following the postbyte of an indexed instruc- 
tion contain the address of the data. 


LDA [CAT] 
LDX = {$FFFE] 
STU [DOG] 


Direct Addressing 


Direct addressing is similar to extended address- 
ing except that only one byte of address follows the 
opcode. This byte specifies the lower 8 bits of the 
address to be used. The upper 8 bits of the address 
are supplied by the direct page register. Since only 
one byte of address is required in direct addressing, 
this mode requires less memory and executes faster 
than extended addressing. Of course, only 256 loca- 
tions (one page) can be accessed without redefining 
the contents of the DP register. Since the DP regis- 
ter is set to $00 on reset, direct addressing on the 
HD6309 is compatible with direct addressing on the 
HD6800. Indirection is not allowed in direct ad- 
dressing. Some examples of direct addressing are: 


LDA $30 

SETDP $10 (Assembler directive) 
LDB $1030 

LDD <CAT 


Note: < is ‘an assembler directive which forces 
direct addressing. 


Register Addressing 


Some opcodes are followed by a byte that defines 
a register or set of registers to be used by the 
instruction. This is called a postbyte. Some exam- 
ples of register addressing are: 


TFR X,Y Transfers X into Y 
EXG A, B Exchanges A with B 
PSHS A, B, X, Y Push Y, X, B, and A onto S 


ify the 16-bit effective address used by the instruc- PULU X, Y, D Pull D, X, and Y from U 
tion. Note that the address generated by an 
@ HITACHI 
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Indexed Addressing 


In all indexed addressing, one of the pointer 
registers (X, Y, U, S, and sometimes PC) is used in 
a calculation of the effective address of the operand 
to be used by the instruction. Five basic types of 
indexing are available and are discussed below. 
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and bytes added to the basic values for indexed 
addressing for each variation. 


Zero-Offset Indexed: In this mode, the selected 
pointer register contains the effective address of the 
data to be used by the instruction. This is the fastest 
indexing mode. 


The postbyte of an indexed instruction specifies the 
basic type and variation of the addressing mode as 
well as the pointer register to be used. Figure 15 
lists the legal formats for the postbyte. Table 4 LDD 0, X 
gives the assembler form and the number of cycles LDA S 


Examples are: 






indexed 
Addressing 
Mode 


Post-byte Register Bit 






EA = ,R +5 Bit Offset 








(0 EA = ,R + O Offset 





| 
| 
| 


= ,R + B Offset 


= R + A Offset 


| ° | 
im 
| > 





1 E 


> 






EA = ,R + 8 Bit Offset 






EA = ,R + 16 Bit Offset 









— 


EA = ,R + D Offset 








| 





EA = ,PC + 8 Bit Offset 


cle Se Na a! Neca peereaetinetect 
| Le Addressing Mode Field 
Indirect Field 










(Sign bit when b7 = O) 






oe Non Indirect 
Leeeieies: Indirect 
Register Field : RR 
00 = X 
01 =Y 

d =Offset Bit 10 =U 

X =Don't Care 1=S 

Figure 15. Indexed Addressing Postbyte Register Bit Assignments 
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Constant Offset Indexed: In this mode, a two’s 
-complement offset and the contents of one of the 
pointer registers are added to form the effective 
address of the operand. The pointer register’s initial 
content is unchanged by the addition. 


Three sizes of offsets are available: 


o-bit (—16 to +15) 
8-bit (—128 to+127) 
16-bit (—32768 to + 32767) 


The two’s complement 5-bit offset is included in 
the postbyte and, therefore, is most efficient in use 
of bytes and cycles. The two’s complement 8-bit 
offset is contained in a single byte following the 
postbyte. The two’s complement 16-bit offset is in 





the two bytes following the postbyte. In most cases 
the programmer need not be concerned with the 
size of this offset since the assembler will select the 
optimal size automatically. 


Examples of constant-offset indexing are: 


LDA 23, X 
LDX =7.5 
LDY 300, X 
LDU CAT, Y 


Accumulator Offset Indexed: This mode is 
similar to constant offset indexed except that 
the two’s-complement value in one of the 
accumulators (A, B or D) and the contents of 
one of the pointer registers are added to form 





Table 4. Indexed Addressing Mode 
Non Indirect indirect 


Assembler Postbyte ++ Assembler Postbyte ++ 








Type Forms Form OP Code ~ # Form OP Code ~i# 
Constant Offset From R No Offset YR 1RROO100 00 [,R]) 1RR10100 30 
(2's Complement Offsets) 

5 Bit Offset n,R ORRnnnnn 1 0 defaults to 8-bit 

8 Bit Offset n,R 1RRO1000 11 [n, R] 1RR11000 41 

16 Bit Offset n,R 1RRO1001 42 {n, R} 1RR11001 72 


Accumulator Offset From R A Register Offset A,R 1RROO11010 [A, R] 
(2's Complement Offsets) —————_- 
B Register Offset B,R 1RROO101 10 ([B, R) 


1RR10110 40 
1RR10101 40 
D Register Offset D,R 


1RRO1011 40 [D, R) 1RR11011 70 


Auto Increment/Decrement R Increment By 1 Rt 1RROQOOO 20 not allowed 
Increment By 2 R+t+ 1RROOOO1 30 [,R ++) 1RR10001 60 
Decrement By 1 iaR 1RROOO10 20 not allowed 
Decrement By 2 ,-—-R 1RROOO11 30 [,-—-—R]} 1RR10011 60 
Constant Offset From PC 8 Bit Offset n, PCR 1xx01100 11 [n, PCR] 1xx11100 41 
(2’s Complement Offsets) ————--_-_-_--_--- 
16 Bit Offset n, PCR 1xx01101 52 {n, PCR] 1xx11101 82 
Extended Indirect 16 Bit Address » (n} 10011111 52 
R=xX,Y,Uors RR: 
x = Don’t Care 00 =X 
01=Y 
10=U 
11=S 


* and § indicate the number of additional cycles and bytes for the particular variation. 
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the effective address of the operand. The con- 
tents of both the accumulator and the pointer 
register are unchanged by the addition. The 
postbyte specifies which accumulator to use as 
an offset and no additional bytes are required. 
The advantage of an accumulator offset is that 
the value of the offset can be calculated by a 
program at run-time. 


Some examples are: 


LDA B, Y 
LDX D, Y 
LEAX B,X 


Auto Increment/Decrement Indexed: In the 
auto increment addressing mode, the pointer regis- 
ter contains the address of the operand. Then, after 
the pointer register is used it is incremented by one 
or two. This addressing mode is useful in stepping 
through tables, moving data, or for the creation of 
software stacks. In auto decrement, the pointer 
register is decremented prior to use as the address 
of the data. The use of auto decrement is similar to 
that of auto increment; but the tables, etc, are 
scanned from high to low addresses. The size of the 
increment/decrement can be either one or two to 
allow for tables of either 8-or 16-bit data to be 
accessed, selectable by the programmer. The pre- 
decrement, post-increment nature of these modes 
allow them to be used to create additional software 
stacks that behave identically to the U and S 
stacks. 


Some examples of the auto increment/decrement 
addressing modes are: 


LDA » Sas 
STD ? Sodas 
LDB YY 
LDX aS 


Care should be taken in performing operations on 
16-bit pointer registers (X, Y, U, S) where the same 
register is used to calculate the effective address. 

Consider the following instruction: 


STX 0, X++ (X initialized to 0) 


auto increment/decrement by one, or a +4-bit 
offset may have an additional level of indirection 
specified. In indirect addressing, the effective 
address is contained at the location specified by the 
contents of the index register plus any offset. In the 
example below, the A accumulator is loaded in- 
directly using an effective address calculated from 
the index register and an offset. 


Before Execution: 


A= X (don't care) 


X=$F000 
$0100 LDA [$10, X) EA is now $F010 
$F010 $F1 $F150 is now the 
$F011 $50 new EA 
$F150 $AA 


After Execution: 


A=$AA (Actual Data Loaded) 
X= $F000 


All modes of indexed indirect are included except 
those which are meaningless (e.g., auto increment/ 
decrement by | indirect). Some examples of indexed 
indirect are: 


LDA (,X } 
LDD (10,S) 
LDA (B,Y) 
LDD (X++] 


Relative Addressing 


The byte(s) following the branch opcode is (are) 
treated as a signed offset which may be added to 
the program counter. If the branch condition is true 
then the calculated address (PC + signed offset) is 
loaded into the program counter. Program execu- 
tion continues at the new location as indicated by 
the PC. Short (1 byte offset) and long (2 bytes offset) 
relative addressing modes are available. All of 
memory can be reached in long relative addressing 
as an effective address is interpreted modulo 2%. 
Some examples of relative addressing are: 


The desired result is to store a 0 in locations BEQ CAT (short) 
$0000 and $0001 then increment X to point to $0002. BGT DOG (short) 
In reality, the following occurs: CAT LBEQ RAT (long) 

DOG LBGT RABBIT _ (long) 
0—temp calculate the EA; temp is a ; 
holding register 
X+2-X perform autoincrement 
X-—(temp) do store operation RAT NOP 
RABBIT NOP 
Indexed Indirect 
All of the indexing modes with the exception of 
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Program Counter Relative 


The PC can be used as the pointer register with 8 
-or 16-bit signed offsets. As in relative addressing, 
the offset is added to the current PC to create the 
effective address. The effective address is then used 
as the address of the operand or data. Program 
counter relative addressing is used for writing 
position independent programs. Tables related to a 
particular routine will maintain the same relation- 
ship after the routine is moved, if referenced rela- 





tive to the program counter. Examples are: 


LDA CAT, PCR 
LEAX TABLE, PCR 


Since program counter relative is a type of in- 
dexing, an additional level of indirection is avail- 
able. 


LDA {CAT, PCR] 
LDU (DOG, PCR] 





HD6309 Instruction Set 


The instruction set of the HD6309 is similar to 
that of the HD6800 and is upward compatible at the 
source code level. The number of opcodes has been 
reduced from 72 to 59, but because of the expanded 
architecture and additional addressing modes, the 
number of available opcodes (with different ad- 
dressing modes) has risen from 197 to 1464. 


Some of the instructions and addressing modes 
are described in detail below: 


PSHU/PSHS 


The push instructions can push onto either the 


Push/Pull Postbyte 


«<-Pull Order Push Order— 
PC U Y X DP B A CC 
FFFF---<-increasing memory address---O000 


PC S Y X DP B A CC 


Figure 16. Push and Pull Order 


hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruc- 
tion. 


PULU/PULS 


The pull instructions have the same capability of 
the push instruction, in reverse order. The byte 
immediately following the push or pull opcode 
determines which register or registers are to be 
pushed or pulled. The actual PUSH/PULL 
sequence is fixed: each bit defines a unique register 
to push or pull, as shown in figure 16. 
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TFR/EXG 


Within the HD6309, any register may be trans- 
ferred to or exchanged with another of like-size: i. 
e., 8-bit to 8-bit or 16-bit to 16-bit. Bits 4-7 of the 
postbyte define the source register, while bits 0-3 
represent the destination register (figure 17). They 
are denoted as follows: 


0000—D 0101—PC 
0001—X 1000—A 
0010—Y 1001—B 
0011—U 1010—CC 
0100—S 1011—DP 
Note: All other combinations are undefined and 
invalid. 
LEAX/LEAY/LEAU/LEAS 


The LEA (load effective address) works by cal- 
culating the effective address used in an indexed 
instruction and stores that address value, rather 
than the data at that address, in a pointer register. 
This makes all the features of the internal address- 
ing hardware available to the programmer. Some of 
the implications of this instruction are illustrated in 
table 5. 


The LEA instruction also allows the user to 
access data in a position independent manner. For 
example: 

LEAX MSG1, PCR 
LBSR PDATA(Print message routine) 
MSG1 FCC ‘MESSAGE’ 


This sample program prints: ‘MESSAGE’. By 
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writing MSG1, PCR, the assembler computes the 
distance between the present address and MSGIl. 
This result is placed as a constant into the LEAX 
instruction which will be indexed from the PC value 
at the time of execution. No matter where the code 
is located, when it is executed, the computed offset 
from the PC will put the absolute address of MSGI 
into the X pointer register. This code is totally 
position independent. 


The LEA instructions are very powerful and use 
an internal holding register (temp). Care must be 
exercised when using the LEA instructions with the 
autéincrement and autodecrement addressing 
modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 


LEAa ,b+ (any of the 16-bit pointer 
registers X, Y, U, or S 
may be substituted for a 
and b) 

1. b->temp (calculate the EA) 

2.b6 + 1b (modify b, postincrement) 

3. temp —a (load a) 

LEAa ,—b 

1. b -—1 ~temp (calculate EA with prede- 
crement) 

2.b ~-1—b (modify b, predecrement) 

3. temp a (load a) 


Autoincrement-by-two and autodecrement-by- 
two instructions work similarly. Note that LEAX, 
X+ does not change X, however LEAX,—X does 
decrement X. LEAX 1, X should be used to incre- 
ment X by one. 


MUL 


Multiplies the unsigned binary numbers in the A 





Transfer/Exchange Postbyte 


[Bored [oasugangn 


Figure 17. TFR/EXG Format 





Table 5. LEA Examples 


Instruction Operation Comment 


LEAX 10,X X+10—X Adds 5-bit constant 10 
to X 

LEAX 500, X X+500—X Adds 16-bit constant 

500 to X 

Adds 8-bit A accumula- 

tor to Y 

Adds 16-bit D accumu- 

lator to Y 

Subtracts 10 from U 

Used to reserve area on 

stack 


LEAYA,Y Y+A-Y 


LEAYD,Y Y+D-Y 


LEAU-10, U U-10-U 
LEAS-10,S S-10-S 


LEAS 10,S S+10-S _ Used to ‘clean up’ stack 
LEAX 5,S $+5-~-X Transfers as well as adds 
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and B accumulator and places the unsigned result 


into the 16-bit D accumulator. This unsigned mul- 


tiply also allows multiple-precision multiplications. 
Long And Short Relative Branches 


The HD6309 has the capability of program 
counter relative branching throughout the entire 
memory map. In this mode, if the branch is to be 
taken, the 8-or 16-bit signed offset is added to the 
value of the program counter to be used as the 
effective address. This allows the program to 
branch anywhere in the 64k memory map. Position 
independent code can be easily generated through 
the use of relative branching. Both short (8-bit) and 
long (16-bit) branches are available. 


SYNC 


After encountering a sync instruction, the MPU 
enters a sync state, stops processing instructions, 
and waits for an interrupt. If the pending interrupt 


Last Cycle = gyn 
of Previous Opcode 
Instruction Fetch , Execute 


Sync Acknowledge (Sleep mode) 





is non-maskable ( NMI) or maskable (FIRQ, IRQ) 
with its mask bit (F or I) clear, the processor will 
clear the sync state and perform the normal inter- 





rupt stacking and service routine. Since FIRQ and 
IRQ are not edge-triggered, a low level with a 
minimum duration of three bus cycles is required to 
assure that the interrupt will be taken. If the pend- 
ing interrupt is maskable (FIRQ, IRQ) with its mask 
bit (F or I) set, the processor will clear the sync 
state and continue processing by executing the next 
inline instruction. Figure 18 depicts sync timing. 





Software Interrupt 


A software interrupt instruction will cause an 
interrupt, and its associated vector fetch. These 
software interrupts are useful in operating system 
calls, software debugging, trace operations, mem- 
ory mapping, and software development systems. 
Three levels of SWI are available on this HD6309, 
and are prioritized in the following order: SWI, 
SWI2, SWI3. 


Last Cycle 
of Sync 
instruction 


Address XP Pc+1)— : (note 1X _X__) 
pata XX XX) ZX >> 


| . tect 


Vin'¥ | Note 2 
0.8V 


tecs 


Notes: 1 If the associated mask bit is set when the interrupt is requested, this cycle will be an instruction fetch from 
address location PC + 1.However if the interrupt is accepted (NMI or an unmasked FIRQ or IRQ) interrupt 
processing continues with this cycle as (m) on figures 6 and 7 (interrupt timing). 

2.1f mask bits are clear, IRQ and FIRO must be held low for three cycles to guarantee that interrupt will be 
taken, although only one cycle is necessary to bring the processor out of SYNC. 





Figure 18. Syne Timing 
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16-Bit Operation Example 1: LBSR (Branch Taken) 


The HD6309 has the capability of processing 16- Before Execution SP = F000 
bit data. These instructions include loads, stores, 
compares, adds, subtracts, transfers, exchanges, 
pushes and pulls. 


Cycle-by-Cycle Operation $8000 LBSR CAT 


The address bus cycle-by-cycle performance 
chart illustrates the memory-access sequence cor- 
responding to each possible instruction and address $A000 CAT 
ing mode in the HD6309. Each instruction begins 
with an opcode fetch. While that opcode is being Cycle-by-Cycle Flow 
internally decoded, the next program byte is always 
fetched. (Most instructions will use the next byte, so Cycle # Address Data R/W Description 
this technique considerably speeds throughput.) 








Next, the operation of each opcode will follow the l s000 yl Opcode Fetch 
flow chart.VMA is an indication of FFFF\,on the 8001 1F 1 Offset High Byte 
address bus, R/W = high and BS = low. The ° 8002_ «FD 1 ~~ Offset Low Byte 
following examples illustrate the use of the chart : 4 FRFFF * 1 VMA Cycle 
see figure 19. 9) FFFF * 1 VMA Cycle 
6 FFFF * 1 VMA Cycle 
7 FFFF * . 1 VMA Cycle 
8 EFFF 03 0 Stack Low Order 
Byte of Return 
Address 
9 EFFE 80 0 Stack High Order 
Byte of Return 
Address 
Example 2: DEC (Extended) 
$8000 DEC $A000 
$A000 FCB $80 


Cycle-by-Cycle Flow 


Cycle # Address Data R/W Description 








l 8000 7A 1 Opcode Fetch 

2 8001 AO 1 Operand Address, 
High Byte 

3 8002 00 1 Operand Address, 
Low Byte 

4 FFFF * 1 VMA Cycle 

i) A000 80 «1 Read the Data 

6 FFFF * 1 VMA Cycle 

7 A000 7F 0 Store the Decremented 
Data 

* The data bus has the data at that particular 

address. 
HITACHI 
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LBCC,LSCS 
LBEQ,LBGE 
LBGT, LBHI 

LBHS,LBLE 
LBLO,LBLS 
LBLT, LBMI 

LBNE,LBPL 
LBRA,LBRN 
LBSR, LBVC 


[Offset High | 


NNNN + 2(3) 


Yes 






Relative 


NNNN+1 


Address Bus| NNNN+1(2 


WP 






Direct Extended 
All Instructions 
BCC.BCS Except ANDCC 
BEQ,BGE ORCC 
BGT,BHI CWAI 
BHS,BLE 
BLO.BLS 
BLT,BM! NNNN + 1(2) NNNN + 1(2) 
BNE, BPL 
BSR ave 
BVS [_FFFF | [_NNNN+2(3) 
| _ Offset 
NNNN +1 C_FFFF 
[Don't Core] 
BSR or ~_Yes 
LBSR 
| FFFF 
| __FFFF 
PC Low (W) 
Notes: 1. Each state shows 
Data Bus Offset High 


. Address NNNN is location of opcode. 
_ If opcode is two byte opcode subsequent addresses are in parenthesis ( ). 
. Two-byte opcodes are highlighted. 


Immediate 


ANDCC 
ORCC 


Don't Care 


NNNN +2 


| Data 
NNNN +1 


CWAIT 


NNNN +1 


Don t Care 
NNNN +2 


Don't Care 


PC Low(W) 


U Low(w) 


X Low(W) 


he 
4 . 8 2 
| g 


Figure 19. Cycle-by-Cycle Performance 
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Imphed Or) 
ABX Swi 
Swi2 
SW13 
NNNN +1 NNNN +1 NNNN +1 NNNN + 1(2) NNNN+1 NNNN +1 
[FFF as ee 
P3-State | 
E PT _FerF | [PC Lowiw) 
TSTA/B [Stack | nterrupt 
presen 
a FREE NNNN+1 | (__FFFF J (PC HighiW) Le 
[Stack 
oe 
PT FFFF |) (0 tow) 
[Stack | 
PFFFF || (CU High 
[Stack | 
PT FerE |) 6 [vtowiw) 


|___ Stack 
| FFFF Y High(W) 
| Stack | 





Lae X Low(W) 
|_ Stack | 
LFFFF 


Don’t Care 


L__Stack 


Don’t Care 


< < 
wIa| |nls 
x8 8 
+1 = 
~12 ie 


Figure 19. Cycle-by-Cycle Performance (Cont.) 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 e (415) 589-8300 255 


| 
| 
| 








HD63B09, HD63C09 


Register 


PULU PSHU 
PULS PSHS 


Post Byte 
NNNN +1 NNNN+1 Fost Byte No [_NNNN+1 


=e 
Don't Care | 


3 
| FFFF 
Bt7=1. 


| FFFF ost Byté 
Bit O=1 
Post Byte 
Bt =] 
| FRFF | 6 FFFF 
| Don't Care | 


Post Bytex_No 
Bit 3=1 


Post Byt No 
Don’t Care 


YFFFF |__Stack | So Laan 


T Stack | 
| FFFF PC High(W) 





Post Bytey__No 
Bit 6 = 


|__ Stack | 


Post Byte 
Bt7=1 


Y Low(W) 
| __Stack 


Stack 2 





Figure 19. Cycle-by-Cycle Performance (Cont.) 
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00€8-68S (Sih) © 6L8L-SOOPE VO “BUSH © AMYd JUlOd PIBIS DOO © CZB{q [YIRUH © “p}] “Bovey YdeYH 


LSC 


IHOVLIH © 













Don’t Care 


R+ 16 Bit 


Don't Care 










Don’t Care 







NNNN + 2(3) 














Don’t Care 
NNNN + 2(3) 






| _Offset_| 
NNNN+2(3) 


XXKK 


Pointer Register 
Pointer Register + Offset Byte 
Pointer Register + Offset High Byte Offset Low Byte 


Pointer Register +A Regrster 


Powter Register+B Register 
Pointer Register +D Register 


Pointer Register * 
Pointer Register-2 


Program Counter + Offset Byte 
Program Counter + Offset High Byte. Offset Low Byte 


Address High Byte. Address Low Byte 


* Pointer Register ts incremented following the indexed access 


Figure 19. Cycle-by-Cycle Performance (Cont.) 








[Offset Low | 












NNNN + 2(3) 






ear er AER ARO SAP SER RI ASOT 


600€9dH ‘60d €9dH 


8S 


00€8-68S (Sib) © GL8L-GOOPE VO “auegsig © AMY UlOd BAIS OOO? © EZPid YDeWH © “P}] ‘Bovey 1YoeYWH 


IHOVLIH © 


JMP 























ADCA/B 
ADDA/B 
ANDA/B 

BITA/B 
CMPA/B 
EORA/B 

LDA/B 

ORA/B 
SBCA/B 
SUBA/B 













ASL,ASR 















CLR.COM 
DEC. INC 

LSL,iSR 

NEG, ROL 
ROR 




































Register(W) Register High(W}} | Don’t Care Don’t Care PC Low(W) 
ee ee ee [| FREE} |__OFFFF | __ Stack __| 













LEA 
Register Low(W 





Effective Address (EA) 


Constant t 
No Offset Pointer Register 
5-B8it Offset Pointer Register + Post Byte 
8-Bit Offset Pointer Register + Offset Byte 
16-Bit Offset Pointer Register + Offset High Byte Offset Low Byte 
Accumulator Offset 
A Register Offset Pointer Register+A Register 
B Register Offset Pointer Register +B Register 
D Register Offset Pointer Register +D Register 
Auto Increment/Decrement 
ncrement by 1 Pointer Register * 
Increment by 2 Pointer Register * 
Decrement by 1 Pointer Register — 1 
Decrement by 2 Pointer Register — 2 
Program Counter Relative 
aor Offset Program Counter + Offset Byte 
16-Bit Offset Program Counter + Offset High Byte Offset Low Byte 
indyect Indirect High Byte Indirect Low Byte 
Ourect Direct Page Register Address Low Byte 
Extended. Address High Byte Address Low Byte 
immediate NNNN + 1(2) 


* Pointer Register is incremented following the indexed access 


Figure 19. Cycle-by-Cycle Performance (Cont.) 
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Sleep Mode 


During the interrupt wait period in the SYNC 
instruction (the sync state) and in the CWAI 
instruction (the wait state), MPU operation is halt- 
ed and goes to the sleep mode. However, the state 
of I/O pins is the same as that of the HD6809 in this 
mode. 
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HD6309 Instruction set Tables 


The instructions of the HD6309 have been broken 
down into five different categories. They are as 
follows: 


- 8-Bit operation (table 6) 

- 16-Bit operation (table 7) 

- Index register/stack pointer instructions (table 8) 
- Relative branches (long or short) (table 9) 

- Miscellaneous instructions (table 10) 


HD6309 instruction set tables and Hexadecimal 
Values of instructions are shown in table 11 and 
table 12. 





Table 6. 8-Bit "Accumulator and Memory Instructions 


Mnemonic(s) 
ADCA, ADCB 
ADDA, ADDB 
ANDA, ANDB 

ASL, ASLA, ASLB 
ASR, ASRA, ASRB 
BITA, BITB 

CLR, CLRA, CLRB 
CMPA, CMPB 

COM, COMA, COMB 


Operation 

Add memory to accumulator with carry 

Add memory to accumulator 

AND memory with accumulator 

Arithmetic shift of accumulator or memory left 
Arithmetic shift of accumulator or memory right 
Bit test memory with accumulator 





Clear accumulator or memory location 
Compare memory from accumulator 
Complement accumulator or memory location 


DAA Decimal adjust A accumulator 


DEC, DECA, DECB 

EORA, EORB 

EXG R1, R2 

INC, INCA, INCB 

LDA, LDB 

LSL, LSLA, LSLB 
____LSR, LSRA, LSRB 

NEG, NEGA, NEGB 

ORA, ORB 

ROL, ROLA, ROLB 

ROR, RORA, RORB 

SBCA, SBCB 

STA, STB 

SUBA, SUBB 

TST, TSTA, TSTB 

TFR R1, R2 


Decrement accumulator or memory location 
Exclusive OR memory with accumulator 
Exchange R1 with R2 (R1, R2=A, B, CC, DP) 
increment accumulator or memory location 

Load accumulator from memory 

Logical shift left accumulator or memory location 
Logical shift right accumulator or memory location 
MUL Unsigned multiply (A x B—D) 

Negate accumulator or memory 

OR memory with accumulator 

Rotate accumulator or memory left 

Rotate accumulator or memory right 

Subtract memory from accumulator with borrow 
Store accumulator to memory 

Subtract memory from accumulator 

Test accumulator or memory location 

Transfer R71 or R2 (R1, R2=A, B, CC, DP) 


Note: A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU (PULS, PULU) instructions. 
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Table 7. 


SUBD 


Mnemonic(s) 
ADDD 

CMPD 

EXG D,R 
LDD 

SEX 

STD 


TFR D,R 
TFR R, D 


Lm tracers eran enemas nen et Pn nt a theta 


16-Bit Accumulator and Memory Instructions 


Operation 

Add memory to D accumulator 
Compare memory from D accumulator 
Exchange D with X, Y, S, U or PC 
Load D accumulator from memory 


etree rte ete A eR Sr rey ren tert nya ens re nes preteen tenner 


rear nepnatrnyner neem tne sna her een NNR AST re DY erent sean sient reeset nneitettenighten 


enn rene ner Arne tre I Nn tN A= een tse ne trees FR 


Subtract memory from D accumulator 
Transfer D to X, Y, S, U or PC 
Transfer X, Y, S, U or PC to D 


Note: D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) instructions. 


Table 8. 


CMPX, CMPY 


LDS, LDU 


Mnemonic(s) 
CMPS, CMPU 





EXG R11, R2 
LEAS, LEAU 
LEAX, LEAY 


Index Register/Stack Pointer Instructions 


Operation 

Compare memory from stack pointer 

Compare memory from index register 

Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 
Load effective address into stack pointer 


Load effective address into index register 
Load stack pointer from memory 


eee ene nner rere Hee renpatnatrneen tennant ntti SN tr A rr ep SEN RRA en tenetmnennnenrm nner 


ene etn ee et Ren ST RA eR perenne pumennty ete? 


nt nent Nh NN tA RE Re eR A Sp PS SD re terre te 


PULU 


Pull A, B, CC, DP, D, X, Y, U or PC from hardware stack 


Pull A, B, CC, DP, D, X, Y, S or PC from user stack 


Store stack pointer to memory 


260 


TFR R1, R2 


ABX 


ene nen ape nn CR A A ONE nt UREN PSO eNotes rer, 


Add B accumulator to X (unsigned) 
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Table 9. Branch Instructions 


Mnemonic(s) 


BEQ, LBEQ 
BNE, LBNE 
BMI, LBMI 
BPL, LBPL 
BCS, LBCS 
BCC, LBCC 
BVS, LBVS 
BVC, LBVC 


BGT, LBGT 
BGE, LBGE 
BEQ, LBEQ 
BLE, LBLE 
BLT, LBLT 


BHI, LBHI 

BHS, LBHS 
BEQ, LBEQ 
BLS, LBLS 
BLO, LBLO 


BSR, LBSR 
BRA, LBRA 
BRN, LBRN 


Table 10. Miscellaneous Instructions 


Mnemonic(s) 


ANDCC 
CWAI 
NOP 
ORCC 
JMP 
JSR 
RTI 
RTS 


SWI, SWI2, SWI3 


SYNC 
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Operation 

Simple Branches 

Branch if equal 

Branch if not equal 

Branch if minus 

Branch if plus 

Branch if carry set 

Branch if carry clear 

Branch if overflow set 

Branch if overflow clear 

Signed Branches 

Branch if greater (signed) 

Branch if greater than or equal (signed) 
Branch if equal 

Branch if less than or equal (signed) 
Branch if less than (signed) 
Unsigned Branches 

Branch if higher (unsigned) 

Branch if higher or same (unsigned) 
Branch if equal 

Branch if lower or same (unsigned) 
Branch if lower (unsigned) 

Other Branches 

Branch to subroutine 

Branch always 

Branch never 


Operation 

AND condition code register 

AND condition code register, then wait for interrupt 
No operation 

OR condition code register 

Jump 

Jump to subroutine 

Return from interrupt 

Return from subroutine 

Software interrupt (absolute indirect) 
Synchronize with interrupt line 
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Table 11. HD6309 Instruction Set Table 


3A 


Oo 

wo 
A hH AP HhA A 
mh HY ND NH 





aan aaa a 


N 


N 





es [ woe Bong 
oo|~ [+ for] [or] =[forl-[ + lorl=[ forbs] 
1 














B+X—>X 













































































efoto 


(Unsigned) 
2/2 A+M+C~A @ rd] r{t 
2)2 B+M+C-B @ e 1] f 
2] 2 A+M-A @ @ tr] 1 
2{|2 B+M-B ® @ I] 1 
413 D+M .M+1—-D @ 8 If 
242 A/A\M~>A ® e R|®@ 
212 BAM-B & @ R;@ 
3 | 2 CCAIMM~CC ( D ) 
A e tj] 
@ ay (ep 
& a ie 
e @\!1 
e @:! 
® @|! 
24) 3 Branch C=0 @ e|@e@ 
10 5(6) Long Branch @ @|@e@ 
24 C=0 
25! 3 Branch C=1 @;@ 
10 {5 (6) Long Branch @|®e@ 
25 C=1 
27| 3 Branch Z=1 e|@e 
10 5(6) Long Branch e|'e@ 
27 Z=1 
2C} 3 Branch N@®V=0 e\e 
10 5(6) Long Branch e|@ 
2C N®V=0 
2E| 3 Branch Z\/(N@V)=0 e|e 
10 15(6) Long Branch @|@ 
2E Z\/ (N®V) =O 
22| 3 Branch C\V/Z=0 @|@ 
10|5(6) Long Branch @\'@e@ 
22 CVZ=0 
24) 3 Branch C=0 @|'®e@ 
105(6) Long Branch @\|@e@ 
24 C=0 
85/2 | 2 |A5(44+/2+ Bit Test A (M/A) R|@ 
C5) 2 | 2 | E5/4+/2+ Bit Test B (M/B) Ri@ 
2F| 3 Branch Z\V/(N@V)=1 e\@e@ 
105(6) Long Branch e'@ 
2F ZV (N@®V) =1 
25) 3 Branch C=1 e\|e@ 
10 15(6) Long Branch @\|@ 
25 C=1 
23] 3 Branch C\VZ=1 & 
10 |5(6) Long Branch e|@ 
23 CVZ=1 
2D} 3 Branch N@V=1 e\'e@ 
10 5(6) Long Branch e'e@ 
2D N@V=1 
2B] 3 Branch N=1 @\|@ 
10 15(6) Long Branch @\|@ 
2B N=1 
(Continued) 
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Instructions; [-aceMnes | DIRECT | extno | immed | invex@ | Rave | | | 7 fe] s| 4] 3} 2) 1/0] 
FORMS _|or| ~| # Jor] ~| # [or| ~| # [or] ~| # Jor] ~| + [or[~o) # GG) 
Branch Z=0 


2 
4 | Long Branch 
Z=0 
Branch N=0O 
Long Branch 
N=0 
Branch Always 
Long Branch Always 
Branch Never 
Long Branch Never 











Si 


ea 
ES 










Branch to 
Subroutine 

Long Branch to 
Subroutine 

Branch V=0 

Long Branch 
V=0 

Branch V=1 

Long Branch 
V=1 












O-M 

Compare M from A 

Compare M from B 

Compare M : M+1 
from D 

Compare M: M+1 
from $ 

Compare M : M+1 
from U 

Compare M: M+1 
from X 

Compare M : M+1 
from Y 

A-A 

BB 

M—M 

CCAIMM--CC : 

Wait for Interrupt 

Decimal Adjust A 

A-1-A 

B-1—-B 

M-—1—-M 

A@M—A 

BOMB 

R1—-R2@ 

A+1-A 

B+1-+-B 

M+1—M 

EA@-—PC 

Jump to Subroutine 


e©oe@ee0e 80 
@2@e2@e0e00 
@@®®ee0e 
@ee80ee80 















"”@6eCec 868 ® 





@¢@e¢e0ee6 
eeeee | @ee8066 
@eeeee Se OGG 










@CCeG.€6eS6@ 
©0ee88-800080- 





(Continued) 
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INSTRUCTIONS/ 
FORMS lo] ~| # [or] ~| # Jor] ~| 
: 
2 
3 

















AXB-D 
(Unsigned) 

A+1—>A 
B+1-B 
M+1-M 

No Operation 
AVM~A 
BVM--B 


CCVIMMCC 

Push Registers on 
S Stack 

Push Registers on 
U Stack 


Pull Registers 
from S Stack 


Pull Registers aE 0) 
from U Stack 


Return from 
Interrupt 

Return from 

Subroutine 

A-M-C-A 

B-M-C-B 

Sign Extend B into A 

ean h7=1 FFA 
BONEYb7=0 O-A 





@eenxee @ 


eSe@eeeee0 







e@-..00e0060080 80 
@o-e@ee--- 


© 


®@®@® 





(Continued) 
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DIRECT [LEONE MAES | (NDE EAE 
ES 0 
or] ~[ lor] ~[ for]~[ a for|~[o for[~[s forfafs | EVN 


3 

3 

4 

3 |80| 2| 2 |aola+|2+ 

3 |co| 2| 2 |eol4+l2+ 

3183} 4| 3 |asie+j2+ 
(NOTES) 


This column gives a base cycle and byte count To obtain total count, and the values obtained from the (NWDEXED ADDRESSING MODES table 
R1 and R2 may be any pair of 8 bit or any pair of 16 bit registers 

The 8 bit registers are A, B, CC, DP 

The 16 bit registers are X, Y, U, S, D, PC 

EA 1s the effective address 

The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled 

5(6) means 5 cycles if branch not taken, 6 cycles if taken 

SWI sets 1 and F bits SW12 and SW13 do not affect | and F 

Conditions Codes set as a direct result of the instruction 

Value of half-carry flag is undefined 

Special Case—Carry set tf b7 is SET 

Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise 


LEGEND 


INSTRUCTIONS/ 
FORMS 





4 
4 
5 
6 


WW Ww 






oa 








A-M-A 
B-M-B 
D-M M+1—D 

Software interrupt 1 
Software interrupt 2 






@@e@e@® © 
















Software interrupt 3 





Synchronize to 
interrupt 
R1—-R2@ 
Test A 
Test B 
Test M 





®O 


QBO@QQOQOSO 


OP Operation Code (Hexadecimal) Z Zero (byte) 

~ Number of MPU Cycles V Overflow, 2’s complement 

# Number of Program Bytes C Carry from bit 7 

+ Arithmetic Plus - Test and set if true, cleared otherwise 
- Arithmetic Minus e Not Affected 

x Multiply CC Condition Code Register 

M Complement of M Concatenation 

— Transfer Into Vv Logical or 

H Half-carry (from bit 3) A Logical and 

N Negative (sign bit) ® Logical Exclusive or 
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Table 12. Hexadecimal Values of Machine Codes 



















Direct indexed Indexed 6+ 


















31 LEAY { 4+ 2+ 
32 LEAS 4+ 2+ 
COM 6 2 33  LEAU Indexed 4+ 2+ COM 
LSR 6 2 34 PSHS Implied 5+ 2 64 LSR 6+ 2+ 









O05 * 

06 ROR 

07 ASR 

O8 ASL, LSL 
09 ROL 

OA DEC 

* 
OC INC 

OD TST 

OE JMP 

OF CLR Direct 


65 * 

66 ROR 6+ 2+ 
67 ASR 6+ 2+ 
68 ASL, LSL 6+ 2+ 
69 ROL 6+ 2+ 
6A DEC 6+ 2+ 
* 
6C INC 6+ 2+ 
6D TST 6+ 2+ 
6E JMP 3+ 2+ 
6F CLR Indexed 6+ 2+ 


ADA DH 
tN NM NH 


























3C CWAIl Immed 220 


1 

1 

3B RTI Imphed 6,15 1 
2 

Implied 11 1 





Aw Qa ®D 
Mh NH Nh 


3F SWI implied 19 1 




















I 





See _ = Extended 
11. Next Page ad os = 
12 NOP Implied 2 1 


13 SYNC implied 24 1 


40 NEGA Implied 2 1 













73 COM 


~ 
WW 









Relative 5 3 
Relative 








77 ~=—ASR 
78 = ASL, LSL 
79 ~=ROL 





impiied 
immed 


“SNNNN ON 
WO®W WW Ww 













immed 
1D SEX Iimphed 7D TST 
7E JMP 


7F CLR Extended 


= 

m 

m 

x 

G@) 
Oo ON W 
NN — NO 
NaN N 
WWW WwW 





11F TFR implied implied 















Relative 50 NEGB Implied 2 1 80 SUBA immed 


24 BHS, BCC 
25 BLO, BCS 


NNN WH ND DP 


8C CMPX immed 
8D BSR Relative 
8E LDX Immed 


WQNWNHNN N 





MM MNY HYMN NHN NN DD DY HN NP 





2F BLE Relative 5F CLRB Implied 2 1 


Legend: ~ Number of MPU cycles (iess possible push pull or indexed-mode cycles) 
# Number of program bytes 
* Denotes unused opcode 
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Table 12. Hexadecimal Values of Machine Codes (Cont.) 


OP Mnem Mode ~ # OP Mnem Mode ~ # OP Mnem Mode ~ # 


Direct Extended 6 


6 
6 
6 


Extended 


2 Bytes Opcode 


1021 LBRN Relative 5 
1022 LBHI 5(6) 
1023 LBLS 5(6) 
1024 LBHS, 5(6) 
1025 LBCS, 5(6) 
1026 LBNE 5(6) 
1027 LBEO 5(6) 
1028 LBVC 5(6) 
1029 LBVS 5(6) 
102A LBPL 5(6) 
102B LBMI 5(6) 
102C LBGE 5(6) 
102D LBLT 5(6) 
102E LBGT 5(6) 
102F LBLE Relative 5(6) 
103F SWI2 Implied 

1083 CMPD Immed 

108C CMPY 

108E LDY immed 

1093 CMPD Direct 

Indexed 109C CMPY t 


Direct 


NNNNNHONN NON NYDN NNN DN LDH 


Direct 


Indexed 





annrn»prh PPP HHH OHHH 
NNNDNONNNNNONNNNNN NN KH 


Direct 


109E LDY 
109F STY Direct 
10A3 CMPD indexed 
Indexed 10AC CMPY 
10AE LDY 
10AF STY Indexed 
10B3 CMPD Extended 
10BC CMPY 
10BE LDY 
10BF STY Extended 
10CE LDS immed 
10DE LDS Direct 
1ODF STS Direct 
10EE LDS Indexed 
Indexed 10EF STS indexed 
10FE LDS Extended 
10FF STS Extended 
113F SWI3 Implied 
1183 CMPU Immed 
118C CMPS immed 
1193 CMPU Direct 
119C CMPS Direct 
11A3 CMPU Indexed 
11AC CMPS Indexed 
11B3 CMPU Extended 
11BC CMPS Extended 


WwWwWWA HANH HPF HP HP HPAP AHA AHA HA 


Extended 


+ 


NNO DOD PI ~ OO 
+ 


Extended 


WBWWWWWWWWW WWW WW Ww 
N 
Oo 


Extended 


+ 


Immed 


PP WWWWPH PP NDP HPWAWWAP HL PL HL 
+ 


WWWWWWW WWW WwW & 


NN WN KN NHN 


Extended 





Note All unused opcodes are both undefined and illegal! 
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Note for Use 


Compatibility with NMOS MPU (HD6809) Example: CLR (Extended) 
The difference between HD6309 (CMOS) and $8000 CLR $A000 
HD6809 (NMOS) is shown in table 13. $A000 FCB $80 


Execution Sequence of CLR Instruction _ 
Cycle # Address Data R/W Description 


Cycle-by-cycle flow of CLR instruction (direct, 


extended, indexed addressing mode) is shown 1 8000 7F 1 Opcode Fetch 
below. In this sequence the contents of the memory 2 8001 AO 1 Operand Address, 
location specified by the operand is read before High Byte 
writing 00 into it. Note that status flags, such as 3 8002 00 1 Operand Address, 
IRQ Flag, will be cleared by this extra data read Low Byte 
operation when accessing the control/status regis- 4 FFFF * 1 VMA Cycle 
ter (sharing the same address between read and 5 A000 80 1 Read the Data 
write) of peripheral devices. 6 FFFF * 1 VMA Cycle 

7 A000 00 0 Store Fixed 00 into 


Specified Location 


* The data bus has the data at that particular address. 





Table 13. Difference between HD6309 and HD6809 








item HD6309 (CMOS) HD6809 (NMOS) 
MRDY Stretch Unit integral multiples of half (1/2) bus integral multiples of quarter (1/4) bus 
cycles cycles 
1/2 cycle 1/4 cycle 
E Meet 
0] 
tecsm 
MRDY 
Stretch Time 5 us max 10 us max 
DMA/BREQ = Auto-refresh None Executed 
External Clock input XTAL floating XTAL grounded 


floating 
4x CLK 
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Application Note for System Design 


At the trailing edge of the address bus, the noise 
pulses may appeare on the output signals in 
HD6309. 


Note the noise pulses and the following measures 
against them. 


Noise Occurrence Condition: As shown in figure 
20, the noise pulses which are 0.8 V or over may 
appear on E and Q clocks when the address bus 
changes from high to low. 


If the address buses (Ay -Aj5, and R/W) change 
from high to low, the transient current flows 
through the GND. The noise pulses are generated 
on the LSI’s Ves pins according to the current and to 
the impedance state of the GND wirings. 


Figure 21 shows the noise voltage dependency on 
the each parameter. 


Figure 23 shows the noise voltage dependency on 





HD63B09, HD63C09 


the load capacitance of the address bus. 


Note: The noise level should be carefully checked 
because it depends on the each parameter of 
actual application system. 


Noise Reduction: 

1. Control each parameter such as Cd, V cc, Zg in 
figure 21, and the noise level is reduced to be 
allowable. 

2. Insert a bypass capacitor between the Vcc and 
the GND of the HD6309. 

3. Connect the CMOS buffer with noise margin to E 
and Q clocks. 

4. Insert the damping registors to the address bus. 
That is effective for the noise level to reduce less 
than 0.8 V. The damping resistor is about 40-50 
Q on the higher byte of the address bus (A j5 — 
Ag )and about 130-140 © on the lower byte of the 
address bus (A; —Aj ), and R/W as shown in 
figure 22. Electrical characteristics do not 
change by inserting the damping resistors. 





Q 


Ao—Ais 
R/W 
Test condition 





Noise peek (worst case) 
: about 1.0V 


Number of address bus lines switching 
from High to Low = 17 
(Agaress bus ee 
R/W High-Low 


Figure 20. Noise at Address Bus Output Changing 


V,: Noise Voltage 

Zg : GND Impedance 

Cy : Address bus load capacitance 

N : Number of address bus lines 
switching from H to L 


Vn Va 


Zg N 


eee 


Figure 21. Dependency of the Noise Voltage on Each Parameter 7 
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Damping Resistors 


_| 130-1409 
130—1402 | 


40—502 


(Top view) 


Figure 22. Connecting Damping Resistors to Address Bus 


tance of HD6309 


Maximum Capaci-~ | 
Specification 


Conditions 
T, =25°C 
Z, =0 
N =17 


_—_~--—~ Connecting 
Damping 
Resistors (Vcc = 5 V) 


Noise Voltage V,, 


© 
on 


100 (pF) 
Address Bus Load Capacitance Cy, 


Figure 23. Dependency of the Noise Voltage on the Load Capacitance of the Address Bus 
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Absolute Maximum Ratings 








item Symbol Value Unit 
Supply Voltage Vec' -0.3 to +7.0 V 
fapae Voltage Vin | —-0.3 to +7.0 V 
lenin Output Current [1 |? 5 mA 
Maximum Total Sueur [=I 1° 100 mA 
Operating Temperature : Topr -20 to +75 °C 
Storage Temperature OO Tsstg —55 to +150 °C 


Notes 1 With respect to Vog (system GND) 
2 Maximum output current is the maximum currents which can flow out from one output terminal and 1/O common terminal 
(Ag -Ays, RW, Dg -D7, BA, BS, Q, E) 
3 Maximum total output current is the total sum of output currents which can flow out simultaneously from output terminals and 
1/O common terminals (Ap -Aj5, RW, Dy -D7, BA, BS, Q, E) 
4 Permanent LS! damage may occur if maximum ratings are exceeded Normal operation should be under recommended 
operating conditions If these conditions are exceeded, it could affect reliability of LSI 


Recommended Operating Conditions 





Item Symbol Min Typ Max Unit 
Supply Voltage Vec! 4.5 5.0 5.5 V 
jae Voltage ~ EXTAL Vil “0-3 0.6 V 
Other Inputs -—0.3 0.8 V 
RES Vin! Vec-0.5 Vee V 
EXTAL Veco X0.7 Vec V 
Other Inputs _— 2.0 Vec V 
Operating Temperature Vopr -20 25 75 °C 


Note’ 1. With respect to Vss (system GND) 
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Electrical Characteristics 


DC Characteristics (Vcc=5.0 V + 10%, Vss=0 V, Ta=—20 to +75°C, unless otherwise noted.) 


Item 

Input High Voltage RES Vin 
EXTAL 
Other Inputs 

Input Low Voltage EXTAL Vit 


Other Inputs 
Input Leakage Current Except EXTAL, |, 














XTAL 
Three State (Off State) Dy -D7 hs1 
Input Current Ay -Ars, R/W 
Output High Voltage Dy -Dz Von 
NCE Ske wen nee 
Ao -Ais, RW, 
Q,€E 
BA,BS. 
Output Low Voltage VoL 
Input Capacitance ‘Do -Dy C;. 


nanan NRE NIOA Ree eet NOREEN ORTH 


Symbol 


aramarrinervntetnantes ttremmuneren wuts HRcmnan we uae ener mY ait nee AW ttaeanenNnn aay Amiatttnntemesétetnranten enn aenanee Ween AntatiAtrsentyatenrarstntrnntwamnnneens Nitin 


Ao -Ais, RW, Cout 
BA, BS 


Current Dissipation lec 


Output Capacitance 


HD63B09 HD63C09 
Min Typ Max Min 
Vec-0.5 Vee. Vec-0.5 
Voc X0.7 Veco Vecx0.7 
2.0 Veo 2.0 
-0.3 0.6 -0.3 
=0.3 08 -03 
-2.5 25 -2.5 
-10 10 -10 
-10 10 -10 
4.1 4.1 
Vec-0.1 Vec-0.1 
4.1 4.1 
Vec-0.1 Vec—0.1 
4.1 4.1 
Vec-0.1 Vec-0.1 

0.5 
15 
10 
12 
24 
_ 15 
@ HITACHI 


Vec 
Vec 
Vee 
0.6 
0.8 
2.5 


10 
10 


0.5 
15 


10 
12 


36 
18 


V 


HA 


BA 


pF 


pF 


mA 


Typ Max Unit Test Condition 


Vin =O to Vec, 
Vec = max 
Vin =0.4 to Vec, 
Vec = max 
hoan= ~400uA 
hoan= ~10nA 
hoap = —400uA 
Loan = — 10uA 
hoap= 400A 
loan = — 10uA 
Loan=2mA 
Vv, =0V, 

a = 25°C, 
f=1MHz 


Operating 
Sleeping 


Hitachi America, Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 


SL SS Le SSSI SS SSeS SSS SS SSeS Ss Se GS a EG 


HD63B09, HD63C09 


AC Characteristics (Vcc =5.0 V + 10%, Vss=0 V, Ta=—20 to +75°C, unless otherwise noted.) 


Clock Timing 








HD63B09 HD63CO9 
item Symbol Min Typ Max Min Typ Max Unit Test Condition 
Frequency of Operation ITAL 2 8 2 12 MHz Figs. 25, 26 
(Crystal External Input) 
Cycle Time teye 500 2000 333 2000 ns 
Total Up Time tut 480 310 ns 
Processor Clock High teweH 220 5000 140 5000 ns 
Processor Clock Low tewet 210 1000 140 1000 ns 
E Rise and Fall Time te, tes 20 20 ns 
E ow to Qhigh Time tavs 100 140 70 100 ns 
Q Clock High tpwou 220 1000 140 1000 ns 
Q Clock Low twat 220 5000 140 5000 ns 
Q Rise and Fall Time tor, tor 20 20 ~=ons 
Qi ow to Ex_oy Time tor 100 70 ns 
Bus Timing 
HDG63B09 HD63COS 
item Symbol Min Typ Max Min Typ Max Unit Test Condition 
Address Delay tap 110 110 ns_ Figs. 25, 26 
Peripheral Read tacc 330 160 ns 
Access Time 
(urtaprtosr= taco) 
Data Set Up Time tosp 40 40 ns 
(Read) 
Input Data Hold Time ipup 10 10 ns 
Address Hold Time Ta=O to + 75°C te 20 20 ns 
Ta=-—20 to 0°C 10 _10 
Data Delay Time toow 110 70 ons 
(Write) 
Output Hold Time Ta=Oto+75°C tow 30 30 ns 
Ta=-20to0C 20 20 
@ HITACHI 
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Processor Control Timing 


HD63B09 HD63C09 

item Symbol Min Typ Max Min Typ Max Unit Test Condition 
MRDY Set Up Time tecsm 110 70 ns Figs. 3-7 
MRDY Set Up Time 2 tecsm2 240 160 ns Figs. 11, 12 
Interrupts Set Up Time tecs 110 70 ns 
HALT Set Up Time tecsy 110 70 ns 
RES Set Up Time xe. 110 110. ns 
DMA/BREQO Set Up Time tc 110 70 ns 
Processor Control Rise and Fall Timetpc,, 100 100 ns 

tect 
Crystal Oscillator Start Time tac 20 20 ms 


-C= 30pF (BA, BS) 
130 pF (Do -Dy 5 E, Q) 
90 pF (Ao -Ais, R/W) 


Test Point -R= 10kQ (Dg -D7) 


10 kQ (Ap -Ais, E, Q, RAW) 
10 kQ (BA, BS) 


All diodes are 1S2074@ or equivalent. 
C includes stray capacitance. 





Figure 24. Bus Timing Test Load 
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Vee — 2.0V Veco - 2.0V 
teweH —— 


R ae = atl 
me SSS 
hcl 
tao 


tacc 


tour 
tosr 


RASS Not Valid 





Figure 25. Read Data from Memory or Peripherals 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 275 








HD63B09, HD63C09 


~ Vee — 2.0V4 


Data Valid 





Figure 26. Write Data to Memory or Peripherals 
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CMOS MPU (Micro Processing Unit) 


The HD6309E is the highest 8-bit microprocessor of 
HMCS6800 family, which is just compatible with the con- HD63B09EP, HD63CO9EP 
ventional HD6809E. 

The HD6309E has hardware and software features which 
make it an ideal processor for higher level language execution or 
standard controller applications. External clock inputs are 
provided to allow synchronization with peripherals, systems or 
other MPUs. 

The HD6309E is complete CMOS device and the power 
dissipation is extremely low. Moreover, the SYNC and CWAI 
instruction makes low power application possible. 





FEATURES 
Hardware — Interface with All HMCS6800 Peripherals 
Software — Object Code Compatible with the HD6809E me PIN 
Low Power Consumption Mode (Sieep mode) 

SYNC state of SYNC Instruction 









WAIT state of CWAI Instruction WALT 
@ External Clock Inputs, E and QO, Allow Synchronization a Tsc 
@ Wide Operation Range 
f = 0.5 to 3MHz (Vcc=5V +10%) Ee. 
RES 
ne 
HD63B09E_ | 2.0MHz | rE 
R/W 
HD6309E 
D, 
a D; 
D, 
Ds 
D, 
D, 
Ais 
4 Ars 
A13 





(Top View) 
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= ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Supply Voltage v 
Input Voltage v 
Maximum Output Current GEE | aa ees IES, mA 
Maximum Total Output Current | Sto *** 0 — Ff mA 
Operating Temperature ds 


* With respect to Veg (SYSTEM GND) 
** Maximum output current is the maximum currents which can flow out from one output terminal and |/O common terminal. 
(Ao ~ Ais, R/W, Do ~ D,, BA, BS, LIC, AVMA, BUSY) 
*“** Maximum total output current is the total sum of output currents which can flow out simultaneously from output terminals and !/O common 
terminals. (Ay ~ Ais, R/W, Dy ~ D,, BA, BS, LIC, AVMA, BUSY) 
(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. 
If these conditions are exceeded, it could affect reliability of LSI. 


® RECOMMENDED OPERATING CONDITIONS 


ye [max 


Item Symbol | min _| 

Supply Voltage Vec | 45 
Logic, RES a 
ns 10S eS 

input Voltage : ne [20 


i 


<j< 


aes Veo [| Veo — 


* With respect to Vgg (SYSTEM GND) 


E < 
F 
al<|<|<|< 


@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc =5.0Vt10%, Vgg=0V, Ta=- 20 ~ +75°C, unless otherwise noted.) 


Operating 


Current Dissipation | loc : 
Sleeping 


mA 


SS So se ee 
a ee es v 
Input “High” Voltage [EQ [Vm | ————+i| 30 | — | vec | [=| vec [_¥ 
PRES [vmnl st cco] - | Vcc |voc-08| - | vec | Vv 
Input “Low” Vorage Lvooe RES [vu [  ~*| -o3 [| - [ o8 | -o3 | - [os |v 
rea |vuc} ‘(| -o3 [| - | o4 | -o3 [ - [oa |v 
Pe oe p= | = [ | 0 [= [0 [ua 
Piigaps—40A [4a | - | - | 48 [- T-T 
PiLoaps—t0wA | vec-o1] - | — [Vec-o1[ — | - | 
sas 1LOAD™—400uA | 4007 = [| - fl 4 fl UK fl Ff 
See et ne rey “OH iwoaps-10ua | voc-01[ —- | - [vec-oa] - [| - | ° 
BA, BS, LIC, Finoap=—400ua_ | 47 [| - | - | 4* [ - | - | y 
AVMA, BUSY Vec-01[ = [ — [Veco = [| 
Output “Low” Voltage ioap=ama | = | (| 8 | - [ dT 8 Tv 
Input Capacitance Input Q, RES Ta=25°C, 
ee a p= [30 [so [= [ 3 | 80 | oF 
Ao~As, R/W, Vin@0V, 
eee ee 
Bh Se AVMA, BUSY f= 1MHz 
Three State (Off State Vineo4~Vec, | _-10 | - | 10 [ -10 [ - [| 10 | ua 
Input Current Ae~Avs IW | 'TS! | Voc=max =10_ [=| 10 [10 | |_10] wa 
a A ee 


*Ta=28°C, Voc=5V 


€® HITACHI 
278 Hitachi America, Ltd. © Hitachi Plaza © 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 (415) 589-8300 


r 
I 
\ 





HD63B09E, HD63C09E 


® AC CHARACTERISTICS (Vee =5.0V+10%, Vgg=0, Ta=—20 ~ +75°C, unless otherwise noted.) 


HD63B 
Test Condition 
typ 


1. CLOCK TIMING 


8 
3 


E HD63COSE 


item Unit 


Cycle Time 


> 
a 


ns 


Bo] 


E Clock ‘‘Low” tPWEL 
E Clock “High” (Measured at Vj}4) 

E Rise and Fall Time 

Q Clock “High” 

Q Rise and Fail Time 

E “Low” to O Rising 
Q “High” to E Rising 
E “High” to O Falling) E “High’>O"Low” 
Q “Low” to E Falling/Q “Low’->E “Low” 


ss HD63B09E 
item Symbol Test Condition 
typ 
Address Delay 


Address Hold Time Ta=0~ 75°C 
(Address, R/W, BA, BS) | +, _o9~0°¢ 


Peripheral Read Access Times 
(teye—tef—tap—toSR™tacc) 
Data Setup Time (Read) 


=) 
S 


ns 


N 
o 


ns 


ns 


ns 


ns 


ns 






ns 


ns 


NO 


. BUS TIMING 


HD63C09E : 
Unit 


2 


ns 


ns 





ns 


ns 
Input Data Hold Time 
Data Delay Time (Write) 


Ta = 0~75°C 
Output Data Hold Time 
Ta = -20~0°C 


. PROCESSOR CONTROL TIMING 


ns 


~ 


0 ns 


ns 


os 


Yp p 
Control Delay (BUSY, LIC, AVMA) | = | = { 200 | - | - | 130, ns 


Interrupts Set Up Time 


Pao} - | - | 7 | - | - [os 
HALT Set Up Time ns 
RES Set Up Time ns 
TSC Setup, Time ete ns 


7 ~ 10, 


TSC Drive to Valid Logic Levels 
TSC Release MOS Buffers to High Impedance} trspr 


As 


4 
> 


fg Ueddawuns fgele 


14 and 17 
ns 
TSC Three-State Delay 
Processor Control Rise/Fall 
TSC Input Delay 


ns 


ns 





As 
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7 i 
Addr. Vcc—2.0V Re_as 





on <Q SS" 
To SS” 
RNS Noeveld 


(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘High’ = Vittmin and logic Low” = Vitmax unless otherwise specified 


Figure 1 Read Data from Memory or Peripherals 


teyc 
ViH 
E VILC 
Q 


Addr. © Vcc-2.0V , | 
7 oe 
Data NS 


: SY Data Valid SS 


Me — Rssssss"en” 
CaN Not Valid 


(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘’High"’ = Vitimin and logic “Low” = Vit max unless otherwise specified. 





Figure 2 Write Data to Memory or Peripherals 
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tj e 
Ay~A\s D,~D, 
K Kk —* 
16 


: 1) 
NMi 


: : 
ae Interrupt FIRG 
Control 





Bus HALT 
Control BA 





BS 
BUSY 
E 

Qa 


Figure 3 HD6309E Expanded Block Diagram 


5.0V = PROGRAMMING MODEL 


As shown in Figure 5, the HD6309E adds three registers to 
RL=1.8ka2 the set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second 
eepalnt Index Register. 
@ Accumulators (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
C = 30 pF for BA, BS, LIC, AVMA, BUSY Register, and is formed with the A Register as the most 

130 pF for Dy ~D, significant byte. 

90 pF for Ao ~Ais, R/W 
R =10 kQ) for Do ~D- 

10 kQ for Ap ~Ais, R/W 

10 kQ for BA, BS, LIC, AVMA, BUSY 


Cc R 


® Direct Page Register (DP) 

The Direct Page Register of the HD6309E serves to enhance 
the Direct Addressing Mode. The content of this register 
appears at the higher address outputs (Ag ~ A,5) during direct 


All diodes are 1$2074(H) or equivalent. 
C includes stray capacitance. 


Figure 4 Bus Timing Test Load 


addressing instruction execution. This allows the direct mode 
to be used at any place in memory, under program control. 
To ensure HD6800 compatibility, all bits of this register are 
cleared during Processor Reset. 
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15 0 
pocerran Merete 









Pointer Registers 







Program Counter 





Accumulators 


0 


[ed Direct Page Register 
U 0 
refelH{i{u{z|vjc| CC — Condition Code Register 


Figure 5 Programming Model of The Microprocessing Unit 


@ Index Registers (X, Y) 

The Index Registers are used in indexed mode of addressing. 
The 16-bit address in this register takes part in the calculation 
of effective addresses. This address may be used to point to 
data directly or may be modified by an optional constant or 
register offset. During some indexed modes, the contents of 
the index register are incremented or decremented to point to 
the next item of tabular type data. All four pointer registers 
(X, Y, U, S) may be used as index registers. 


@ Stack Pointer (U, S) 

The Hardware Stack Pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The User 
Stack Pointer (U) is controlled exclusively by the programmer 
thus allowing arguments to be passed to and from subroutines 
with ease. The U-register is frequently used as a stack marker. 
Both Stack Pointers have the same indexed mode addressing 
capabilities as the X and Y registers, but also support Push and 
Pull instructions. This allows the HD6309E to be used effi- 
ciently as a-stack processor, greatly enhancing its ability to 
support higher level languages and modular programming. 


(NOTE) The stack pointers of the HD6309E point to the top 
of the stack, in contrast to the HD6800 stack pointer, 
which pointed to the next free location on stack. 


@ Program Counter (PC) 

The Program Counter is used by the processor to point to 
the address of the next instruction to be executed by the 
processor, Relative Addressing is provided allowing the Program 
Counter to be used like an index register in some situations. 


© Condition Code Register (CC) 
The Condition Code Register defines the state of the 
processor at any given time. See Figure 6. 


Carry 
Overflow 
Zero 
Negative 
!RQ Mask 
Half Carry 
FIRQ Mask 
Entire Flag 





Figure 6 Condition Code Register Format 


# CONDITION CODE REGISTER DESCRIPTION 


© Bit 0 (C) 

Bit O is the carry flag, and 1s usually the carry from the 
binary ALU. C is also used to represent a ‘borrow’ from 
subtract like instructions (CMP, NEG, SUB, SBC) and 1s the 
complement of the carry from the binary ALU. 


® Bit 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an operation 
which causes a signed two’s complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
Has the MSB in the ALU does not match the carry from the 

B-1. 


@ Bit 2 (Z) 
Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 


@ Bit 3 (N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 
negative two’s-complement result will leave N set to a one. 
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@ Bit 4 (1) 

Bit 4 is the [RQ mask bit. The processor will not recognize 
interrupts from the IRQ line if this bit is set to a one. NMI, 
FIRO, IRQ, RES and SWI all set I to a one; SWI2 and SWI3 
do not affect I. 





@ Bit 5 (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of this 
flag is undefined in all subtract-like instructions. 


® Bit 6 (F) 

Bit 6 is the FIRQ mask bit. The processor will not recognize 
interrupts from the FIRQ line if this bit is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IRQ, SWI2 and SWI3 do not 
affect F. 





@ Bit 7 (E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents past action. 


« HD6309E MPU SIGNAL DESCRIPTION 


@ Power (Vss, Vcc) 
Two pins are used to supply powe: to the part: Vss is 
ground or 0 volts, while Vcc is +5.0 V £10%. 


@ Address Bus (Ao co Ais) 

Sixteen pins are used to output address information from 
the MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF,,, R/W = “High”, and BS = “Low”; this is a “dummy 
access” or VMA cycle. All address bus drivers are made high- 
impedance when output Bus Available (BA) is “High” or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LS TTL loads, and 90 pF. Refer to Figures 1 and 2. 





® Data Bus (D, ~ D;) 

These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and 130 pF. 


@ Read/Write (R/W) 

This signal indicates the direction of data transfer on the 
data bus. A “Low” indicates that the MPU is writing data-onto 
the data bus. R/W is made high impedance when BA is “High” 
or when TSC is asserted. Refer to Figures | and 2. 


e RES 

A “Low” level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 7. The 
Reset vectors are fetched from locations FFFE,, and FFFFi¢ 
(Table 1) when Interrupt Acknowledge is true, (BA - BS = 1). 
During initial power-on, the Reset line should be held “Low” 
until the clock input signals are fully operational. 

Because the HD6309E Reset pin has a Schmitt-trigger input 
with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 





This higher threshold voltage ensures that all peripherals are 
out of the reset state before the Processor. 


Table 1 Memory Map for Interrupt Vectors 


Memory Map for Vector 
Locations 


Interrupt Vector 
Description 


Reserved 


@ HALT 

A “Low” level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output 
is driven “High” indicating the buses are high impedance. BS 
is also “High” which indicates the processor is in the Halt state. 
While halted, the MPU will not respond to external real-time 
requests (FIRQ, IRQ) although NMI or RES will be latched 
for later response. During the Halt state Q and E should 
continue to run normally. A halted state (BA - BS = 1) can be 
achieved by pulling HALT “Low” while RES is still “Low”. See 
Figure 8. 





@ Bus Available, Bus Status (BA, BS) 

The Bus Available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. When BA goes “Low”, a dead cycle will elapse before 
the MPU acquires the bus. BA will not be asserted when TSC 
is active, thus allowing dead cycle consistency. 


The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 












~ MPU State 





MPU State Definition 





Normal (Running) 
Interrupt or RESET Acknowledge 
SYNC Acknowledge 
HALT Acknowledge 





Interrupt Acknowledge is indicated during both cycles of a 
hardware-vector-fetch (RES, NMI, FIRO, IRO, SWI, SWi2, 
SWI3). This signal, plus decoding of the lower four address 
lines, can provide the user with an indication of which interrupt 
level is being serviced and allow vectoring by device. See Table 


Sync Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 

Halt Acknowledge is indicated when the HD6309E is m a 
Halt condition. 
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Figure 8 HALT and Single Instruction Execution for System Debug 
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® Non Maskable Interrupt (NMI)* 

A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRQ, IRQ or software interrupts. During 
recognition of an NMI, the entire machine state is saved on 
the hardware stack. After reset, an NMI will not be recognized 
until the first program load of the Hardware Stack Pointer (S). 
The pulse width of NMI low must be at least one E cycle. If 
the NMI input does not meet the minimum set up with respect 
to Q, the interrupt will not be recognized until the next cycle. 
See Figure 9. 





@ Fast-Interrupt Request (FIRQ)* 

A “Low” level on this input pin will initiate a fast interrupt 
sequence, provided its mask bit (F) in the CC is clear. This 
sequence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Figure 10. 


@ Interrupt Request (IRQ)* 

A “Low” level input on this pin will initiate an Interrupt 
Request sequence provided the mask bit (I) in the CC is clear. 
Since IRQ stacks the entire machine state it provides a slower 
response to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear 
the source of the interrupt before doing an RTI. See Figure 9. 








* NMI, TIRO, and FRO requests are sampled on the falling edge of Q. 
One cycle 1s required for synchronization before these interrupts are 
recognized. The pending interrupt(s) will not be serviced until 
completion of the current instruction unless a SYNC or CWAI 
condition is present. If IRQ and FIRQ do not remain “Low” until 
completion of the current instruction they may not be recognized. 
However, NMI is latched and need only remain “Low” for one cycle. 





@ Clock Inputs E, 0 

E and Q are the clock signals required by the HD6309E. 
Q must lead E; that is, a transition on Q must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, tap after the falling edge of E, and 
data will be latched from the bus by the falling edge of E. 
While the Q input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires levels above 
normal TTL levels. This approach minimizes clock skew 
inherent with an internal buffer. Timing and waveforms for E 
and Q are shown in Figures 1 and 2 while Figure 11 shows a 
simple clock generator for the HD6309E. 


@ BUSY 
Busy will be “High” for the read and modify cycles of a read- 
modify-write instruction and during the access of the first byte 








of a double-byte operation (e.g., LDX, STD, ADDD). Busy is 
also “High” during the first byte of any indirect or other vector 
fetch (e.g., jump extended, SWI indirect etc.). 

In a multi-processor system, busy indicates the need to 
defer the rearbitration of the next bus cycle to insure the 
integrity of the above operations. This difference provides the 
indivisible memory access required for a “test-and-set” primi- 
tive, using any one of several read-modify-write instructions. 

Busy does not become active during PSH or PUL operations. 
A typical read-modify-write instruction (ASL) is shown in 
Figure 12. Timing information is given in Figure 13. Busy is 
valid top after the rising edge of Q. 


e AVMA 

AVMA is the Advanced VMA signal and indicates that the 
MPU will use the bus in the following bus cycle. The predictive 
nature of the AVMA signal allows efficient shared-bus multi- 
processor systems. AVMA is ‘“‘Low” when the MPU is in either a 
HALT or SYNC state. AVMA is valid tcp after the rising edge 
of Q. 


@ LIC 

LIC (Last Instruction Cycle) is ‘‘High” during the last cycle 
of every instruction, and its transition from “High” to “Low” 
will indicate that the first byte of an opcode will be latched at 
the end of the present bus cycle. LIC will be “High’”’ when the 
MPU is Halted at the end of an instruction, (i.e., not in CWAI or 
RESET) in SYNC state or while stacking during interrupts. 
LIC is valid tcp after the rising edge of Q. 


e TSC 

TSC_(Three-State Control) will cause MOS address, data, 
and R/W buffers to assume a high-impedance state. The control 
signals (BA, BS, BUSY, AVMA and LIC) will not go to the 
high-impedance state. TSC is intended to allow a single bus to 
be shared with other bus masters (processors or DMA con- 
trollers). = 

While E is “Low”, TSC controls the address buffers and R/W 
directly. The data bus buffers during a write operation are ina 
high-impedance state until Q rises at which time, if TSC is 
true, they will remain in a high-impedance state. If TSC is held 
beyond the rising edge of E, then it will be internally latched, 
keeping the bus drivers in a high-impedance state for the 
remainder of the bus cycle. See Figure 14. 


@ MPU Operation 

During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. This 
sequence begins after RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft- 
ware instructions that alter normal MPU operation are: SWI, 
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt or HALT 
input can also alter the normal execution of instructions. 
Figure 15 illustrates the flow chart for the HD6309E. 
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Figure9 1!RQ and NMI Interrupt Timing 
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Figure 10 FIRQ Interrupt Timing 
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Figure 11 HD6309E Clock Generator 


Memory Memory 
Location Contents Contents Description 


PC -» $0200 
$0201 
$0202 
$0203 
$0204 


ASL Indexed Opcode 
Extended Indirect Postbyte 
Indirect Address H:i-Byte 
Indirect Address Lo-Byte 


Next Main Instruction 





oe 
$6300 $E3 Effective Address Hi-Byte 
$6301 $D6 Effective Address Lo-Byte 
$E3D6 $5C Target Data 


Figure 12 Read Modify Write Instruction Example (ASL Extended Indirect) 
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(NOTE) Waveform measurements for all inputs and outputs are specified at logic “High” = Vipimin and logic “Low” = Vit may unless otherwise specified. 


Figure 13. BUSY Timing (ASL Extended Indirect Instruction) 
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(NOTES) Data will be asserted by the MPU only during the interval while R/W is “Low” and E or Q is “High”. 
Waveform measurements for ail inputs and outputs are specified at logic “High” = Vipin and logic “Low’ 


= Vitmax unless otherwise specified. 


Figure 14 TSC Timing 
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(NOTES) 1. Asserting RES will result in entering the reset 
sequence from any point in the flow chart. 
2. BUSY is “High” during first vector fetch cycle. 
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Figure 15 Flowchart for HD6309E Instruction 
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= ADDRESSING MODES 
The basic instructions of any computer are greatly enhanced 

by the presence of powerful addressing modes. The HD6309E 
has the most complete set of addressing modes available on 
any microcomputer today. For example, the HD6309E has 59 
basic instructions; however, it recognizes 1464 different varia- 
tions of instructions and addressing modes. The addressing 
modes support modern programming techniques. The following 
addressing modes are available on the HD6309E: 
(1) Implied (Includes Accumulator) 
(2) Immediate 
(3) Extended 
(4) Extended Indirect 
(5S) Direct 
(6) Register 
(7) Indexed 

Zero-Offset 

Constant Offset 

Accumulator Offset 

Auto Increment/Decrement 
(8) Indexed Indirect 
(9) Relative 
(10) Program Counter Relative 


@ Implied (Includes Accumulator) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 


@ Immediate Addressing 
In Immediate Addressing, the effective address of the data 

is the location immediately following the opcode (i.e., the data 
to be used in the instruction immediately follows the opcode 
of the instruction). The HD6309E uses both 8 and 16-bit 
immediate values depending on the size of argument specified 
by the opcode. Examples of instructions with Immediate 
Addressing are: 

LDA #$20 

LDX #$F000 

LDY #CAT 


(NOTE) # signifies immediate addressing, § signifies hexa- 
decimal value. 


@ Extended Addressing 
In Extended Addressing, the contents of the two bytes im- 

mediately following the opcode fully specify the 16-bit effective 
address used by the instruction. Note that the address generated 
by an extended instruction defines an absolute address and is 
not position independent. Examples of Extended Addressing 
include: 

LDA CAT 

STX MOUSE 

LDD $2000 


@ Extended Indirect 
As a special case of indexed addressing (discussed below), 

one level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 

LDA [CAT] 

LDX [$FFFE] 

STU [DOG] 


@ Direct Addressing 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower 8 bits of the address to be used. The upper 
8 bits of the address are supplied by the direct page register. 
Since only one byte of address is required in direct addressing, 
this mode requires less memory and executes faster than 
extended addressing. Of course, only 256 locations (one page) 
can be accessed without redefining the contents of the DP 
register. Since the DP register is set to $00 on Reset, direct 
addressing on the HD6309E is compatible with direct addressing 
on the HD6800. Indirection is not allowed in direct addressing. 
Some examples of direct addressing are: 


LDA $30 

SETDP $10 (Assembler directive) 
LDB $1030 

LDD <CAT 


(NOTE) < is an assembler directive which forces direct 
addressing. 


@ Register Addressing 
Some opcodes are followed by a byte that defines a register 

or set of registers to be used by the instruction. This is called a 
postbyte. Some examples of register addressing are: 

TFR X,Y Transfer X into Y 

EXG A,B Exchanges A with B 

PSHS’~ A,B,X,Y Push Y, X, Band A ontoS 

PULU X,Y,D __ Pull D, X, and Y from U 


@ Indexed Addressing 

In all indexed addressing, one of the pointer registers (X, Y, 
U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five 
basic types of indexing are available and are discussed below. 
The postbyte of an indexed instruction specifies the basic type 
and variation of the addressing mode as well as the pointer 
register to be used. Figure 16 lists the legal formats for the 
postbyte. Table 2 gives the assembler form and the number of 
cycles and bytes added to the basic values for indexed 
addressing for each variation. 


Post-Byte Register Bit Indexed 
Addressing 
? 16 | 5 | we 


EA = + § Bit Offser 


EA = R +0 Offset 
EA = ,R + ACCB Offset 
EA = R + ACCA Offeer 

EA =,R+8 Bit Offser 
EA = ,R + 16 Bit Offset 

EA = ,R + D Offeet 
EA~ PC + 8 Bit Offset 
EA = PC + 16 Bit Offset 

= [Address] 


| oes Addressing Mode Field 
Indirect Field 


(Sigh bee when b? = 0) 


wd | ae | oe | at [oe fae [ad fae [ae fat fae ime joe 1 O 





Register Field . RR 
00 =X 


x = Don’t Care o1-Y 
d = Offset Bit 7 
- i = Non Indirect 
1 = Indirect 


Figure 16 Index Addressing Postbyte Register Bit Assignments 
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Table 2 Indexed Addressing Mode 


Type Forms 


No Offset 

5 Bit Offset 

8 Bit Offset 

16 Bit Offset 

A Register Offset 
B Register Offset 
D Register Offset 
Increment By 1 


Constant Offset From R 
(2's Complement Offsets) 


Accumulator Offset From R 
(2’s Complement Offsets) 


Auto Increment/Decrement R 
Increment By 2 
Decrement By 1 


Decrement By 2 
Constant Offset From PC 
(2's Complement Offsets) 


Extended Indirect 16 Bit Address 


R=X,Y,Uors RR: 
x = Don’t Care 00 = X 
01=Y 
10=U 
11=S 


Assembler 
Form 


A, R 1RROO110 


R + 1R ROOOOO 
R+t+ 


8 Bit Offset n, PCR 
16 Bit Offset n, PCR 


Indirect 


Assembler 
Form OP Code 

| GR] | 1RR10100_| 3 

defaults to 8-bit 

[te RT |1RR11000 

2| _[n,RI ? 
AR 

(te, ai | anRioi01 

| fO,R) | 1RR11011 


Non Indirect 


Postby te + 
OP Code ee 


1RROO100 


0] 
ORRnnnnn te 
anaes ft 


1RRO1001 


eae 


Olt + 


O;/O; O;Nie 


1RRO1011 


| [sfafals fe] jel a + | 


4 
i 
| IRROO1OT | 1 
ES 
2 


1RROOOI1 | 3] 
EE 


1xx01100 
5 
fe 


o 







1xx01101 


iS eee eee ee ee 





~ and % indicate the number of additional cycles and bytes for the particular variation. 


Zero-Offset Indexed 
In this mode, the selected pointer register contains the 
effective address of the data to be used by the instruction. 
This is the fastest indexing mode. 
Examples are: 
LDD 0,X 
LDA S§S 


Constant Offset Indexed 

In this mode, a two’s-complement offset and the contents 
of one of the pointer registers are added to form the effective 
address of the operand. The pointer register’s initial content is 
unchanged by the addition. 


Three sizes of offsets are available: 
5-bit (—16 to +15) 
8-bit (—128 to +127) 
16-bit (—32768 to +32767) 


The two’s complement 5-bit offset is included in the post- 
byte and, therefore, is most efficient in use of bytes and cycles. 
The two’s complement 8-bit offset is contained in a single byte 
following the postbyte. The two’s complement 16-bit offset is 
in the two bytes following the postbyte. In most cases the 
programmer need not be concerned with the size of this offset 
since the assembler will select the optimal size automatically. 


Examples of constant-offset indexing are: 
LDA 23, X 
LDX -2,S 


LDY 300,X 
LDU CAT,Y 


Accumulator-Offset Indexed 

This mode is similar to constant offset indexed except that 
the two’s-complement value in one of the accumulators (A, B 
or D) and the contents of one of the pointer registers are added 
to form the effective address of the operand. The contents of 
both the accumulator and the pointer register are unchanged 
by the addition. The postbyte specifies which accumulator to 
use as an offset and no additional bytes are required. The 
advantage of an accumulator offset is that the value of the 
offset can be calculated by a program at run-time. 

Some examples are: 


LDA B,Y 
LDX D,Y 
LEAX B,X 


Auto Increment/Decrement Indexed 

In the auto increment addressing mode, the pointer register 
contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two, This addressing 
mode is useful in stepping through tables, moving data, or 
for tie creation of software stacks. In auto decrement, the 
pointer register is decremented prior to use as the address: of 
the data. The use of auto decrement is similar to that of auto 
increment; but the tables, etc., are scanned from the high to 
low addresses. The size of the increment/decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer. The pre- 
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decrement, post-increment nature of these modes allow them 
to be used to create additional software stacks that behave 
identically to the U and S stacks. 

Some examples of the auto increment/decrement addressing 
modes are: 


LDA ,X+ 
STD ,Y++ 
LDB_ ,-Y 
LDX ,--S 


Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 

STX 0, X + + (X initialized to 0) 
The desired result is to store a O in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 


0 - temp calculate the EA; temp is a holding register 
X+2>X perform autoincrement 
X—+(temp) dostore operation 


@ Indexed Indirect 
All of the indexing modes with the exception of auto 

increment/decrement by one, or a +4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index Register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index Register and an 
offset. 

Before Execution 

A = XX (don’t care) 


X = $F000 
$0100 LDA [$10, X] EA is now $FO10 
$FOIO $F1 $F 150 is now the 
$FOI1 $50 new EA 
$FI5SO $AA 


After Execution 
A = $AA (Actual Data Loaded) 
X = $F000 


All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by | 
indirect). Some examples of indexed indirect are: 


LDA [,X] 
LDD_ [10,S] 
LDA [B,Y] 
LDD [,X+t] 


@ Relative Addressing 


CAT LBEQ RAT (long) 
DOG LBGT RABBIT (long) 
RAT NOP 
RABBIT NOP 


@ Program Counter Relative 
The PC can be used as the pointer register with 8 or 16-bit 

signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs, Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 

LDA CAT,PCR 

LEAX TABLE, PCR 


Since program counter relative is a type of indexing, an 
additional level of indirection is available. 
LDA _ [CAT, PCR] 
LDU = [DOG, PCR] 


® HD6309E INSTRUCTION SET 

The instruction set of the HD6309E is similar to that of the 
HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different 
addressing modes) has risen from 197 to 1464. 

Some of the instructions are described in detail below: 


® PSHU/PSHS 

The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 


@® PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence 
is fixed; each bit defines a unique register to push or pull, as 
shown in below. 


PUSH/PULL POST BYTE 


The byte(s) following the branch opcode is (are) treated as ae re 

a signed offset which may be added to the program counter. B 

If the branch condition is true then the calculated address i 

(PC + signed offset) is loaded into the program counter. + 

Program execution continues at the new location as indicated S/U 

by the PC; short (1 byte offset) and long (2 bytes offset) PC 

relative addressing modes are available. All of memory can be 

reached in long relative addressing as an effective address is 

interpreted modulo 2'°. Some examples of relative addressing + Pull Order Push Order > 

are: PC U Y X DP B A_ CC 
BEQ CAT (short) FFFF ....... < increasing memory address ....... 0000 
BGT DOG (short) PC S YY xX DP B A_ CC 
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@ TFR/EXG 

Within the HD6309E, any register may be transferred to or 
exchanged with another of like-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4~7 of postbyte define the source register, while 
bits O~3 represent the destination register. These are denoted 
as follows: 


0000 — D 0101 — PC 
0001 — X 1000 —A 
0010 —-Y 1001 —B 
0011 —U 1010 —CC 
0100 —S 1011 — DP 


(NOTE) All other combinations are undefined and INVALID. 


TRANSFER/EXCHANGE POST BYTE 


@ LEAX/LEAY/LEAU/LEAS 

The LEA (Load Effective Address) works by calculating the 
effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in a pointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 3. 

The LEA instruction also allows the user to access data in 
a position independent manner. For example: 


LEAX MSG1, PCR 
LBSR PDATA (Print message routine) 
MSG! FCC ‘MESSAGE’ 


This sample program prints: ‘MESSAGE’. By writing MSGI, 
PCR, the assembler computes the distance between the present 
address and MSG1. This result is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSG1 into the X pointer register. This 
code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAa, bt (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1. b—temp (calculate the EA) 

2.b+1—>b = (modify b, postincrement) 

3. temp ->a_ (load a) 


LEAa, — b 

1. b— 1+ temp (calculate EA with predecrement) 
2.b—1-—>b (modify b, predecrement) 

3. temp >a (load a) 


Autoincrement-by-two and autodecrement-by-two instruc- 
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAX, —X does decrement X. LEAX 1, X should be 
used to increment X by one. 
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Table 3 LEA Examples 














Comment 





Instruction 












LEAX 10, X X+10 > X | Adds 5-bit constant 10 to X 
LEAX 500, X X +500 > X | Adds 16-bit constant 500 to X 
LEAY A,Y Y+A -—Y | Adds 8-bit A accumulator to Y 






Adds 16-bit D accumulator to Y 
Subtracts 10 from U 

Used to reserve area on stack 
Used to ‘clean up’ stack 
Transfers as well as adds 


LEAY D,Y 
LEAU —10, U 
LEAS -10,S 
LEAS 10,S 
LEAX 5,S 


Y+D -Y 
U-10-U 
S$-10-S 
$+10->S 
S+5 ->*X 















@ MUL 

Multiplies the unsigned binary numbers in the A and B 
accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple- 
precision multiplications. 


Long and Short Relative Branches 

The HD6309E has the capability of program counter 
relative branching throughout the entire memory map. In this 
mode, if the branch is to be taken, the 8 or 16-bit signed offset 
is added to the value of the program counter to be used as the 
effective address. This allows the program to branch anywhere 
in the 64k memory map. Position independent code can be 
easily generated through the use of relative branching. Both 
short (8-bit) and long (16-bit) branches are available. 


e SYNC 

After encountering a Sync instruction, the MPU enters a 
Sync state, stops processing instructions and waits for an 
interrupt. If the pending interrupt is non-maskable (NMI) or 
maskable (FIRQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Sync state and perform the normal 
interrupt stacking and service routine. Since FIRQ and IRQ 
are not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the interrupt will 
be taken. If the pending interrupt is maskable (FIRQ, IRQ) 
with its mask bit (F or I) set, the processor will clear the Sync 
state and continue processing by executing the next inline 
instruction. Figure 17 depicts Sync timing. 








Software Interrupts 

A Software Interrupt is an instruction which will cause an 
interrupt, and its associated vector fetch. These Software 
Interrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and software 
development systems. Three levels of SWI are available on this 
HD6309E, and are prioritized in the following order: SWI, 
SWI2, SWI3. 


16-Bit Operation 

The HD6309E has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes and pulls. 


= CYCLE-BY-CYCLE OPERATION : 

The address bus cycle-by-cycle performance chart illustrates 
the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6309E. Each 
instruction begins with an opcode fetch. While that opcode is 
being internally decoded, the next program byte is always 
fetched. (Most instructions will use the next byte, so this 
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technique considerably speeds throughput.) Next, the operation 
of each opcode will follow the flow chart. VMA is an indication 
of FFFF,, on the address bus, R/W = ‘“‘High’”’ and BS = “‘Low”’. 
The following examples illustrate the use of the chart; see 
Figure 18. 


Example 1: LBSR (Branch Taken) 
Before Execution SP = F000 





$8000 LBSR CAT 
$ A000 CAT 
CYCLE-BY-CYCLE FLOW 
Cycle# Address Data  R/W Description 
I 8000 17 l Opcode Fetch 
2 8001 IF l Offset High Byte 
3 8002 FD l Offset Low Byte 
4 FFFF * l VMA Cycle 
5 FFFF * l VMA Cycle 
6 FFFF * l VMA Cycle 
7 FFFF * I VMA Cycle 
8 EFFF 03 0 Stack Low Order 
Byte of Return 
Address 
9 EFFE 80 0 Stack High Order 
Byte of Return 
Address 
Example 2: DEC (Extended) 
$8000 DEC $A000 
$A000 FCB $80 
CYCLE-BY-CYCLE FLOW 
Cycle# Address Data R/W Description 
1 8000 7A 1 Opcode Fetch 
2 8001 AO 1 Operand Address, 
High Byte 
3 8002 00 ! Operand Address, 
Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 80 | Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 7F 0 Store the Decre- 


mented Data 
* The data bus has the data at that particular address. 


® SLEEP MODE 

During the interrupt wait period in the SYNC instruction 
(the SYNC state) and that period in the CWAI instruction 
(the WAIT state), MPU operation is halted and goes to the 
sleep mode. However, the state of I/O pins is the same as that 
of the HD6809E in this mode. 


® HD6309E INSTRUCTION SET TABLES 
The instructions of the HD6309E have been broken down 

into five different categories. They are as follows: 

8-Bit operation (Table 4) 

16-Bit operation (Table 5) 

Index register/stack pointer instructions (Table 6) 

Relative branches (long or short) (Table 7) 

Miscellaneous instructions (Table 8) 


HD6309E instruction set tables and Hexadecimal Values of 
instructions are shown in Table 9 and Table 10. 
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Last Cycte Sync Last Cycle 
of Previous Opcode Sync Ack ted (Sleep mode) of Sync 


<7 Fetch ! Execute ! wadaatecl 
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| 





(NOTES) 1. if the associated mask bit is set when the interrupt is ot pete LIC will go “Low” and this cycle will be an instruction fetch from address 
location PC + 1. However, if the interrupt is accepted (NMI or an unmasked FIRQ or IRQ) LIC will remain “‘High’’ and interrupt processing 


will start with this cycle as (m) on Figure 9 and 10 (interrupt Timing). 
FIRG 


2. if mask bits are clear, (RO and must be held “Low” for three cycles to guarantee that interrupt will be taken, although only one cycle 
is necessary to bring the processor out of SYNC. ; 
3. Waveform measurements for all inputs and outputs are specified at logic “High” = Visimin and logic “Low” = Vit max unless otherwise 


specified. 
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Figure 17 SYNC Timing 
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Opcode (Fetch) 














Opcode + 
(Note 1) 
2 Bytes ¥ 
Opcode 
Long Short immediate and N 
Branch Branch Implied Direct Extended Indexed 
Auto Auto 
Sea Inc/Dec Inc/Dec eerie PC+ Extended _ No 
by 1 by 2 R+16 Bits} R+D 16 Bits Indirect Offset 
Opcode + 7 Off 
e aa set 
VMA ACCA 
ACCB 
R +5 Bit 
VMA R + 8 Bit 
PC + 8 Bit 
aa + ae + Opcode + Opcode + 
Take VMA pee ie 
Branch? Y | VMA V AA MA 
VMA V v A VMA VMA VMA 
VMA VMA VMA VMA VMA VMA VMA 
(Note 2) 1N VMA 
ADDR 








Operation _Y 
N VMA (Following 
i Pages) Indirect (H), Busy < 1 
VMA N Indirect (L), Busy <- 0 
| VMA 
Sect Write 
Stack Write 
Y 
(Fen) : ‘ 
VMA 


(NOTE) 
1. Busy = “High” during access of first byte of double byte immediate load. 
2. Write operation during store instruction. Busy = ‘High’ during first two cycles of a double-byte access and the first cycle of read-modify-write access. 


3. AVMA is asserted on the cycle before a VMA cycle. 


Figure 18 Address Bus Cycle-by-Cycle Performance 
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ASLA 
ASLB 
ASRA 
ASRB 
CLRA 
CLRB 
COMA 


DAA 
DECA 
DECB 
INCA 
IiNC8 
LSLA 
LSLB 
LSRA 


implied Page 


ABX 


VMA 


LSRB | 


NEGA 
NEGB 


ROLA 
ROLB 
RORA 
RORB 
SEX 
TSTA 
TSTB 


(NOTES) 


1. Stack (W) refers to the following sequence: SP < SP — 1, then ADDR < SP with R/W = “Low” 
Stack (R) refers to the following sequence: ADDR < SP with R/W = “High”, then SP <- SP + 1. 
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{Stack (r)} i 


ADDR<SP VMA 






Swi 
SWI2 CWAI RTI 
Swi3 
oe STACK (R) 
VMA VMA 
STACK (W) STACK (W) 
STACK (W) STACK (W) 
STACK (W) STACK (W) 
STACK (W) STACK (W) STACK (R) 
STACK (W) STACK (W) STACK (R) 
STACK (W) STACK (W) STACK (R) 
STACK (W) STACK (W) STACK (R) 
STACK (W) STACK (W) STACK (R) 
STACK (W) STACK (W) STACK (R) 
STACK (W) STACK (W) STACK (R) 
STACK (W) STACK (W) pale ds i STACK (R) 
STACK (W) STACK (W) STACK (R) 
as STACK (R) 
VMA F STACK (R) 
(Note 4) 
VECTOR (H), VECTOR (H), 
BUSY <1 BUSY <1 
VECTOR (L), VECTOR (L), ADDR <SP 
BUSY <0 BUSY <0 
VMA VMA 


PSHU, PULU instructions use the user stack pointer (1.e., SP = U) and PSHS, PULS use the hardware stack pointer (1.e., SP = S). 


2 Vector refers to the address of an interrupt or reset vector (see Tabie 1). 
3. The number of stack accesses will vary according to the number of bytes saved. 
4. VMA cycles will occur until an interrupt occurs. 





Figure 18 Address Bus Cycle-by-Cycie Performance (Continued) 
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Non-implied 
ADCA LDD ASL { TST ADDD} JSR STD 
ADCB LOS ASR CMPD STS 
ADDA LDU CLR CMPS STU 
ADDB LDX COM CMPU STX 
ANDA LDY DEC CMPX STY 
ANDB INC CMPY 
BITA ANDCC LSL SUBD 
BITB ORCC LSR 
CMPA NEG 
CMPB ROL UMA (NOTES) 
EORA ROR STACK (W) 1. Stack (W) refers to the following sequence: SP < SP — 1, 
EORB TACK (W) then ADDR €- SP with R/W = “Low” 
LDA STACK (W Stack (R) refers to the following sequence: ADDR € with 
LOB R/W = “High”, then SP €- SP + 1 
ORA PSHU, PULU instructions use the user stack pointer (i.e., 
ORB SP = U) and PSHS, PULS use the hardware stack pointer 
SBCA (ie, SP = S) 
SBCB | 2. Vector refers to the address of an interrupt or reset vector 
STA (see Table 1). 
STB 3. The number of stack accesses will vary according to the 
SUBA number of bytes saved. 
SUBB VMA, BUSY <1 ABODE 4. VMA cycles will occur until an interrupt occurs 
ADDR + 
BUSY <0 
A VMA ADOR + (W) 
ADDR + VMA 
Figure 18 Address Bus Cycle-by-Cycle Performance (Continued) 
Table 4 8-Bit Accumulator and Memory Instructions 

Mnemonie( s) | | Operation 

ADCA, ADCB Add memory to accumulator with carry 

ADDA, ADDB Add memory to accumulator 

ANDA, ANDB And memory with accumulator 


300 


ASL, ASLA, ASLB 
ASR, ASRA, ASRB 
BITA, BITB 

CLR, CLRA, CLRB 
CMPA, CMPB 
COM, COMA, COMB 
DAA 

DEC, DECA, DECB 
EORA, EORB 

EXG R1, R2 

INC, INCA, INCB 
LDA, LDB 

LSL, LSLA, LSLB 
LSR, LSRA, LSRB 


Arithmetic shift of accumulator or memory left 
Arithmetic shift of accumulator or memory right 
Bit test memory with accumulator 

Clear accumulator or rmemory location 
Compare memory frorn accumulator 








Complement accumultor or memory location 
Decimal adjust A accumulator 

Decrement accumulator or memory location 
Exclusive or memory with accumulator 

Exchange R1 with R2 (R1, R2 =A, B, CC, DP) 
Increment accumulator or memory location 

Load accumulator from mernor y = 
Logical shift left accumulator or memory location 
Logical shift right accumulator or memory location 
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Table 4 8-Bit Accumulator and Memory Instructions (Continued) 


Mnemonic(s) Operation 

MUL Unsigned multiply (A x B > D) 

NEG, NEGA, NEGB Negate accumulator or memory 

ORA, ORB Or memory with accumulator thin fieteseeee 
ROL, ROLA, ROLB Rotate accumulator or memory left 

ROR, RORA, RORB Rotate accumulator or memory right 

SBCA, SBCB Subtract memory from accumulator with borrow 
STA, STB Store accumulator to memory 

SUBA, SUBB Subtract memory from accumulator —— 
TST, TSTA, TSTB Test accumulator or memory location 

TFR R1, R2 Transfer R1 to R2(R1, R2 = A, B, CC, DP) 


(NOTE) A, 8B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU 
(PULS, PULU) instructions. 


Table 5 16-Bit Accumulator and Memory Instructions 


Mnemonic(s) 
ADDD 
CMPD 

EXG D,R 
LOD 

SEX 

STD 

SUBD 

TFR D,R 
TFR R,O 


Operation 
Add memory to D accumulator 
Compare memory from D accumulator 
Exchange D with X, Y, S, U or PC 
Load D accumulator from memory 
Sign Extend B accumulator into A accumulator 
Store D accumulator to memory 
Subtract memory from D accumulator 
Transfer D to X, Y, S, U or PC 


ete pan ne ee ner tnane 


Transfer X, Y,S, Vor PC to D 


(NOTE) O may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) 


instructions. 


Mnemonic(s) 
CMPS, CMPU 
CMPX, CMPY 
EXG R1, R2 
LEAS, LEAU 
LEAX, LEAY 
LOS, LOU | 
LDX, LDY 
PSHS 

PSHU 

PULS 

PULU 

STS, STU 
STX, STY 
TFR R1,R2 
ABX 


Table 6 index Register Stack Pointer Instructions 


Operation 
‘Compare memory from stack pointer 
Compare memory from index register 
Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 
Load effective address into stack pointer 
Load effective address into index register 
Load stack pointer from memory 
Load index register from memory 
Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 
Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 
Pull A, B, CC, OP, D, X, Y, U or PC from hardware stack 
Pull A, 8, CC, DP, D, X, Y, S or PC from user stack 
Store stack pointer to memory 
Store index register to memory 
~ Transfer D, X, Y, S, U or PC to D, X, Y, S, U or PC 
Add B accumulator to X (unsigned) 
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Table 7 Branch Instructions 





Mnemonic(s) | Operation 
SIMPLE BRANCHES 
BEQ, LBEQ : Branch if equal 
BNE, LBNE "Branch if not equal —_ 
BMI, LBMI Branch if minus -_ 
BPL, LBPL Branch if plus 
BCS, LBCS Branch if carry set —* 
BCC, LBCC Branch if carry clear 
BVS, LBVS Branch if overflow set 
BVC, LBVC Branch if overflow clear 


SIGNED BRANCHES 










BGT, LBGT | Branch if greater (signed) 

BGE,LBGE ~—_| Branch if greater than or equal (signed) 

BEQ, LBEQ _ Branch if equal 

BLE, LBLE > * Branch if less than or equal! (signed) OO 


BLT, LBLT Branch if less than (signed) 


UNSIGNED BRANCHES 


BHI, LBHi Branch if higher (unsigned) 
BHS, LBHS Branch if higher or same (unsigned) 
BEQ, LBEQ Branch if equal 
BLS, LBLS Branch if lower or same (unsigned) 
BLO, LBLO Branch if lower (unsigned) 

OTHER BRANCHES 
BSR, LBSR Branch to subroutine 
BRA, LBRA Branch always 
BRN, LBRN Branch never 


Table 8 Miscellaneous Instructions 


Mnemonic(s) Operation 
ANDCC "AND condition code register 
CWAIl AND condition code register, then wait for interrupt 
NOP No operation 
ORCC OR condition code register 
JMP Jump 
JSR Jump to subroutine 
RTI Return from interrupt 
RTS Return from subroutine 
SWI, SWI2, SWI3 Software interrupt (absolute indirect) 
SYNC Synchronize with interrupt line 
© HITACHI 


302 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HD63BO9E, HD63CO9E 





Table 9. HD6309E Instruction Set Table 
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ee ee EE 
FORMS loP| ~ | # jop| ~ | # jop| ~ | # jor] ~| # [or] ~ | # [oP|-6] ¢ | FE|F/H{ IN| Zi vic 
ABX 3Al 3 B+X—-X e td] @ 
(UNSIGNED) 
ADC ADCA 99} 4 | 2 5 | 3/89] 2 A9}4+ A+M+C—-A e @ t 
ADCB D9| 4} 2 5 | 3 |C 9} 2 E9|4+ B+M+C—-B @ @ t 
ADD ADDA 9B) 4 | 2 5 | 3 |8Bi 2 AB|4 + A+M~A S @ t 
ADDB DBI 4 | 2 5 | 3 |CB} 2 EB 4+ B+M-+B @ @ t 
ADDD D3} 61] 2 713 4103] 4 E3|6+)/2+ D+MM+1—-D ® & t 
AND ANDA 941412 513184! 2 A4j4+}2+ AAM—A @ & @ 
ANDB D4/ 4/2 5 {3 1C 4; 2 E4/4+|/2+ BAM-~B @ @ e 
ANDCC 1C| 3 CCAIMM~C C ( @ ) 
ASL ASLA_ |aal 2 ©)\@ 
ASLB 5 8} 2 OM M~o ®|@ 
ASL 08/6] 2 7/3 6 8/6 + C b - be ®|@ 
ASR ASRA 47! 2 ®|®@ 
ASRB 57} 2 ®|@ 
ASR 07/62 7|3 67/6 + ®|@ 
BCC BCC Branch C=0 e\e 
LBCC Long Branch @e;e@ 
C=0 
BCS BCS Branch C=1 e e\e/e@ @ 
LBCS Long Branch @ e\|e\e @ 
C=1 
BEQ BEQ Branch Z=1 e @e\e\e @ 
LBEQ Long Branch & @\0ei\@ e 
Z=1 
BGE BGE Branch N@V=0 @ e\e\/e @ 
LBGE Long Branch @ eie\e@ e 
N@V=0 
BGT BGT Branch ZV(N@V) = 0 e e'e\e e 
LBGT Long Branch e ®'e\/e @ 
ZV(N@V)=0 
BHI BHI Branch Cv Z=0 @ @e\e\'e@ e\|e 
LBHI Long Branch ® @e\e/e @\|e@ 
CvzZ=0 
BHS BHS Branch C=0 @'e'e\/e/0e e';e@ 
LBHS Long Branch @\e,;e'e/0 @|@e@ 
C=0 
BIT BITA 95) 412 |B5!| 5 | 3 /85| 2 A5|4+12+ Bit Test A (MAA) @'e|e/e/: R|®@ 
BITB D5} 4|]2 iF5/ 5] 3 1C5] 2 E5j4+12+ Bit Test B (MAB) @\e@|e\'e)|! R|@ 
BLE BLE Branch ZV(N@V)=1 @'0@'0\/0\e e\|e 
LBLE Long Branch @e\ei'@i'@'@ e\e@ 
ZVIN@V)=1 
BLO BLO Branch C=1 @e@'e@;'0'@ @'e 
LBLO Long Branch eee, e\e e\|e 
C=1 
4 BLS BLS Branch CvZ=1 @1\e@1'e/'e@\/e@ e\e@ 
LBLS Long Branch @\e@'e1'e/e @\e 
CvZ=1 
BLT BLT Branch N@V= 1 @e\e'e'0/e e|e 
LBLT Long Branch eie'@'e@1'e@ e/'|e@ 
N@V=1 
BMI BMI Branch N=1 @\e@\'e/e/@ @\|e@ 
LBMI Long Branch @|\e\'e'e/e @\'e 
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INSTRUCTIONS’ acdsee] DIRECT | EXTND | IMMED | INDEXO 7161514] 3]2] 110] 
FORMS lor|~[# jor|-|# lor[-|# lor|-|#lorj-|#jor[-o7#| _—PESCRIPTION' Ss reat inizivicl 













Branch N=0 
Long Branch 
N=0 
Branch Always 
Long Branch Always 
Branch Never 
Long Branch Never 





BSR Branch to 





Subroutine 









LBSR Long Branch to 






Subroutine 
Branch V=0 
Long Branch 


BVC 
LBVC 





- V=0 
BVS Branch V=1 ee'e 
LBVS Long Branch @:e/\e@ 








V=1 
0-A 
0-B 
0—-M 






























CLRA 
CLRB 
CLR ‘ 6 Fi6 + 


@eee0e0 
@ee0e00 
@@®e2ee@ 
@@ee0e0e0 











































CMPA 2/2IA1(4+ Compare M from A 
CMPB 2; 2 jERl4+ Compare M from B 
CMPD 5 | 4 110/7+ Compare M M+ 1 
A3 from D 
CMPS 5 |] 4411)7+ Compare MM+ 1} @'e1':e/\0e 
AC from S$ 
CMPU 514 (1147+ Compare MM+ 1 @\e\'e/e 
A3 from U 
CMPX 4} 3 |AC|6+ Compare MM+ ] ee ee 
from X 
CMPY 5 | 4 {1017+ Compare M M+ } @@e\e 
AC from Y 
COMA AA e\e\e 
COMB B-B eee 
COM 6 3/6 + M-M eee 
3C |2 20} 2 CC A IMM--CC SS] ( 










Wait for Interrupt 


























Decimal Adjust A e'e @ t 

A-1—A e\e e ® 

B-1—-B e\;e@ @ @ 

6 Al6 + M-1-M e|e @ @ 

88] 2} 2 |A8/4 +1: AQ@M—A e\e @ @ 
C8] 2] 2 E814 +]: BO®M~B e\|e@ @ @ 
R1-R2@ ( @ ) 

A+1—A @ @ ® 

B+1—B e @ @ 

6C\6 + M+ 1--M e @ ® 

6E/3 + EA@-—PC @ @ @ 

AD)7 +}7 Jump to Subroutine @ C ) @ 


(Continued) 
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INSTRUCTIONS) [IMMED | INDEXD [RELATIVE] Tes [ea [2] [0] 





















FORMS op] ~ | # jor] ~ | # lop] ~ | # jor] ~ | # for] ~ | # [op|-s] | PE[FiH{ IN| zivic 
LD LDA 54} 3 186) 2; 2 2+ M--A @e@ei@e;'t ti irRie 
LDB 5 | 3 jC 6) 2 | 2 2+ M-B @;@ei@ @;r;i:(/rRi@ 
LDD 6/3 jcc] 3] 3 2+ MM+1-—-D @ @ ee ri iriRi@ 
LDS 7/4/10) 4] 4 3+ MM+1—S @;e@ @ie@eir:iririe 
CE 
LDU 6] 3 ICE! 34) 3 2+ M.M+ 1—-U @'/e@'e\/e\! R 
LDX 6 8E| 3] 3 2+ MM+ 1~X @ie'ei'e': 
LDY 7/4 l1ola]4 3+ MM+1—-Y e\e\/e\e 
8E 
LEA LEAS 2+ EA@-—S @'e\'e'e@ 
LEAU 2+ EA@)—U @\'e;';e/e 
LEAX 2+ EA@-—X @\|e,e\0e@ 
LEAY 2+ EA@-Y @'e'e@/0e@ 
LSLA A —_—— @,e'0,/0e 
LSLB B OKT e\el\ele 
LSL 7 {3 2+ M Cb, b @#|;e,0,'0 
LSRA A @o,e0'0e 
LSRB B 0 THOT ro @|e\'e/e 
LSR 713 2+ M @'e@,e\/e 
b, bo C 
AxB-D @e\0'e\/@e@ 
(Unsigned) 
NEGA A+i-A @'e\d\e 
NEGB Bti-B @\e\e\e 
NEG T138 2+ M+1—M @/ei;@/\e 
No Operation @0@1'0'0e 
ORA 318A} 2} 2 2+ AVM-—A @e\¢'0'@e@ 
ORB 5|3 1CAl 2 | 2 2+ BVM-B e'\e'6/'e@ 
ORCC 1A] 3] 2 CCv IMM--CC ( ®D 
PSHS Push Registers on e@ ® 
S Stack 
PSHU Push Registers on 8 
U Stack 
PULS Pull Registers ( 
from S Stack ae 
PULU Pull Registers ( 
from U Stack 
ROLA A @ @ 
ROLB {TTT °|°}¢/¢ 
ROL 713 2+ M C b, < b,  ] @ 
RORA A @ @ 
RORB B  omimne;§£_£«®©| @ @ 
ROR 743 2+ M i OOGRT00N ry ) 
C b; ———» bo 
Return from ( @ 
Interrupt 
Return from ®'e;e;/@ 
Subroutine 
SBCA 513482} 2) 2 |A2|/4+{2+ A-M-C-A @|@/'@/6 
SBCB 513 jC2) 2] 2 (E2/4+(2+ B-M-C-—-B @'8/'®|@ 
Sign Extend B into A @'@'0@\2@ 


BOt »>+7=1 FF-A 
Bat ,-+7=90 O—-A 





(Continued) 
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INSTRUCTIONS/ | DIRECT | EXTND | IMMED | INDEX@ [RELATIVE] 


PTION 
FORMS lop] ~ | # [or] ~ | # jor] ~ | # lor] — | # lop] — | # jor|-d] « | Becerra 


AM 
B--M 
D—MM+ 1 
S—MM+ 1 


U-MM+ 1 
X—~MM+ ] 
Y-MM+ 1 


A-M-A 
B-M~—B 
D-MM+1--D 
Software interrupt 1 
Software interrupt 2 


e 
e 
e 
S 
e 
® 


Software interrupt 3 


Synchronize to 
interrupt 

R1 — R2@ 

Test A 

Test B 

Test M 


@ee@ee @ 





(NOTES) 


(1) This column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table. 
(2, R1 and R2 may be any pair of 8 bit or any parr of 16 bit registers. 
The 8 bit registers are: A, B, CC, OP 
The 16 bit registers are: X, Y, U, S, D, PC 
( EA ts the effective address. 
@® The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled. 
© 5(6) means: 5 cycles if branch not taken, 6 cycles if taken. 
© SWI sets 1 and F bits. SWI2 and SWI3 do not affect | and F. 
@ Conditions Codes set as a direct result of the instruction. 
® Value of half-carry flag 1s undefined. 
@ Special Case — Carry set if b7 1s SET. 


@ Condition Codes set as a direct result of the instruction if CC 1s specified, and not affected otherwise. 
LEGEND: 


OP Operation Code (Hexadecimal) z Zero (byte) 
~ Number of MPU Cycles Vv Overflow, 2’s complement 
# Number of Program Bytes Cc Carry from bit 7 
+ Arithmetic Pius t Test and set if true, cleared otherwise 
_ Arithmetic Minus e Not Affected 
x Multiply CC Condition Code Register 
M = Complement of M : Concatenation 
~ Transfer Into Vv Logical or 
H Half-carry (from bit 3) A Logical and 
N Negative (sign bit) @ Logical Exclusive or 
@ HITACHI 
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Table 10 Hexadecimal Values of Machine Codes 


OP Mnem Mode ~ # OP Mnem Mode ~ # OP Mnem Mode ~ # 
00 NEG Direct 6 2 30 LEAX indexed 4+ 2+ 60 NEG Indexed 6+ 2+ 
01 . 31 LEAY 4+ 2+ 61 © 

02 * 32 LEAS 4+ 2+ 62 , 

03 COM 2 33 LEAU Indexed 4+ 2+ 63 COM 6+ 2+ 
04 ~=oLSR 6 2 34 PSHS implied 5+ 2 64 LSR 6+ 2+ 
05 * 35 PULS 5+ 2 65 . 

06 ROR 6 2 36 PSHU 5+ 2 66 ROR 6+ 2+ 
07 ASR 6 2 37 PULU 5+ 2 67 ASR 6+ 2+ 
08 ASL, LSL 6 2 38 . 68 ASL, LSL 6+ 2+ 
09 ROL 6 2 39 RTS 5 4 69 ROL 6+ 2+ 
OA DEC 6 2 3A ABX 3 1 6A DEC 6+ 2+ 
08 i 3B RTI Implied 6,15 1 6B . 

oc INC 6 2 3C CWAl Immed 220 2 6C INC 6+ 2+ 
oDb TST 6 2 3D MUL implied 11 1 6D TST 6+ 2+ 
OE JMP 3 2 3€ * 6E JMP 3+ 2+ 
OF CLR Direct 6 2 3F Swi implied 19 1 6F CLR indexed 6+ 2+ 
10 } See _ _ - 40 NEGA implied 2 1 70 NEG Extended 7 3 
11 Next Page _ - - 41 * 71 . 

12 NOP Implied 2 1 42 * 72 7 

13 SYNC Implied 24 1 43 COMA 2 1 73 COM 7 3 
14 44 LSRA 2 1 74 LSR 7 3 
15 : 45 * 75 * 

16 LBRA Relative 5 3 46 RORA 2 1 76 ROR 7 3 
17 LBSR Relative 9 3 47 ASRA 2 1 77 ASR 7 3 
18 = 48 ASLA, LSLA 2 1 78 ASL, LSL 7 3 
19 DAA Implied 2 1 49 ROLA 2 1 79 ROL 7 3 
1A ORCC immed 3 2 4A DECA 2 1 7A DEC 7 3 
1B * _ 4B = 7B . 

1© ANDCC Immed 3 2 4C INCA 2 1 7¢ ~=3—s INC 7 3 
10 SEX Implied 2 1 4D TSTA 2 1 70 TST 7 3 
1E EXG 8 2 4E sl 7E JMP 4 3 
iF TFR implied 6 2 4F CLRA implied 2 1 7F CLR Extended 7 3 
20 BRA Relative 3 2 50 NEGB implied 2 1 80 SUBA immed 2 2 
21 BRN 3 2 51 . 81 CMPA 2 2 
22 BHI 3 2 52 : 82 SBCA 2 2 
23 BLS 3 2 §3 COMB 2 1 83 SUBD 4 3 
24 BHS, BCC 3 2 54 LSRB 2 1 84 ANDA 2 2 
25 #£=BLO, BCS 3 2 55 es 85 BITA 2 2 
26 BNE 3 2 56 RORB 2 1 86 LDA 2 2 
27 BEQ 3 2 57 ASRB 2 1 87 . 

28 =8BVC 3 2 58  ASLB, LSLB 2 1 88 EORA 2 2 
29 ~«#=6BVS 3 2 59 ROLB 2 1 89 ADCA 2 2 
2A BPL 3 2 5A DECB 2 1 8A ORA 2 2 
28 BMI 3 2 58 - 88 ADDA 2 2 
2G =BGE 3 2 SC INCB 2 1 8C CMPX immed 4 3 
20 «=BLT 3 2 50 TSTB 2 1 8D BSR Relative 7 2 
2E BGT 3 2 5E > 8E LOX immed 3 3 
2F Ss BLE Relative 3 2 5F CLRB implied 2 1 SF . 

LEGEND: (to be continued) 


~ Number of MPU cycles (less possible push pull or indexed-mode cycles) 
# Number of program bytes 
* Denotes unused opcode 
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OP 


90 
91 
92 
93 
94 
95 
96 
97 
98 
99 


AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
AQ 
AA 
AB 
AC 
AD 
AE 
AF 


C5 


Mnem 


SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDA 
STA 
EORA 
ADCA 
ORA 
ADDA 
CMPX 
JSR 
LOX 
STX 


SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDA 
STA 
EORA 
ADCA 
ORA 
ADDA 
CMPX 
JSR 
LOX 
STX 


SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDA 
STA 
EORA 
ADCA 
ORA 
ADDA 
CMPX 
JSR 
LOX 
STX 


SUBB 
CMPB 
SBCB 
ADOD 
ANDB 
BITB 


Mode 


Direct 


Direct 


Indexed 


Indexed 


Extended 


Extended 


tmmed 


Immed 


? 


aan nar hb HPA HAHAH AA A 


OOMOOnaoIa»°»nana aa nanan un 


NN &@ NN NY 


NONNNNNNNNNNNN NN AD #¢ 


WWWW WWW WW WWW WWW WwW 


NN ODN ~ NH 


OP 


C6 
C7? 
C8 
cg 
CA 
CB 
cc 
cD 
CE 
CF 


DO 
01 

D2 
D3 
D4 
D5 
D6 
07 
08 
D9 
DA 
DB 
DC 
DD 
DE 
DF 


EO 
E1 

E2 
E3 
E4 
E5 
E6 
£7 
E8 
E9 
EA 
EB 
EC 
ED 
EE 
EF 


FO 
F1 
F2 
F3 
F4 
FS 
F6 
F7 
F8 
FQ 
FA 
FB 


Mnem 


LOB 


EORB 
ADCB 
ORB 
ADDB 
LOD 


LDU 


SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 
LDB 
STB 
EORB 
ADCB 
ORB 
ADDB 
LOD 
STD 
LDU 
STU 


SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 
LOB 
STB 
EORB 
ADCB 
ORB 
ADDB 
LDD 
STD 
LOU 
STU 


SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 
LOB 
STB 
EORB 
ADCB 
ORB 
ADDB 


(NOTE): All unused opcodes are both undefined and illegal 
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Mode 
Immed 


Immed 


Direct 


Direct 


indexed 


Indexed 


Extended 


Extended 


N) 


WNNN DN 


anainh AKRAAHAAAAAAH AH A 


aaaanawnn»an ana 


WN NN A nN 


W 


NONNNN NYDN NN NY NN NY | AN 


WWWW WWW WW Ww WwW WwW 


OP 


FC 
FD 
FE 
FF 


1021 
1022 
1023 
1024 
1025 
1026 
1027 
1028 
1029 
102A 
102B 
102C 
102D 
102E 
102F 
103F 
1083 
108C 
108E 
1093 
109C 
109E 
109F 
10A3 
10AC 
1OAE 
10AF 
10B3 
10BC 
10BE 
10BF 
10CE 
10DE 
100F 
10EE 
1OEF 
10FE 
10FF 
113F 
1183 
118C 
1193 
119C 
11A3 
11AC 
1183 
11BC 


Mnem 


LDD 
STD 
LOU 
STU 


Mode 


Extended 


Extended 


2 Bytes Opcode 


LBRN Relative 
LBHI 

LBLS 

LBHS, LBCC 
LBCS, LBLO | 
LBNE 

LBEQ 

LBVC 

LBVS 

LBPL 

LBMI 

LBGE 

LBLT 

LBGT 

LBLE Relative 
SWI2 Implied 
CMPD immed 
CMPY 

LOY Immed 
CMPD Direct 
CMPY 

LDY 

STY Direct 
CMPD Indexed 
CMPY 

LDY 

STY Indexed 
CMPD Extended 
CMPY 

LDY 

STY Extended 
LDS !mmed 
LOS Direct 
STS Direct 
LDS Indexed 
STS Indexed 
LOS Extended 
STS Extended 
SWI3 Implied 
CMPU immed 
CMPS immed 
CMPU Direct 
CMPS Direct 
CMPU Indexed 
CMPS tndexed 
CMPU Extended 
CMPS Extended 


+ + 
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+ 
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@ NOTE FOR USE 


® Execution Sequence of CLR Instruction 


Example: CLR (Extended) 
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Cycle-by-cycle flow of CLR instruction (Direct, Extended, 
Indexed Addressing Mode) is shown below. In this sequence 
the content of the memory location specified by the operand 
is read before writing “00” into it. Note that status Flags, such 
as IRQ Flag, will be cleared by this extra data read operation 





$8000 CLR $A000 
$ A000 FCB $80 when accessing the control/status register (sharing the same 
oe address between read and write) of peripheral devices. 
Cycle# Address Data R/W Description 
1 8000 7F 1 Opcode Fetch @ The Noise of HDG309E at Bus Outputs Changing 
2 8001 AO 1 Operand Address, We shall notify you of the noise of the HD6309E. 
High Byte The noise over 0.8V may appear on the output signals when 
3 8002 00 ] Operand Address, data bus or address bus outputs change from “‘High” to “Low”. 
Low Byte Problems and countermeasure are shown as follows. 
4 FFFF o 1 VMA Cycle 
5 A000 80 1 Read the Data (1) The Noise at Data Bus Outputs Changing (“High>“‘Low”) 
6 FFFF * 1 VMA Cycle Problem: The noise over 0.8V may appear on A,s~Aj3, R/W 
7 A000 00 0 Store Fixed “00” outputs change (worst case; $FF~$00) as shown in 
into Specified Figure 19. 
Location 
* The data bus has the data at that particular address. 
E 
as oo 
De ~D, | 
t 
' noise 
a AY 
R/W 
CEES! 


tap = 110 ns 


Noise peak (worst case); about 1.5V Period of the noise occurrence (reference data) 


Test condition 
Ta = —20°C 
Vec * 5.5V 
Number of data bus lines switching from “High” to ‘‘Low” = 8 
(SFF->$00) data bus load capacitance = 130pF 


t= 6~34ns (Ta =—20°C) 
t= 8~43ns (Ta = 25°C) 
t= 12~54ns (Ta = 75°C) 


Figure 19 Noise at data bus output changing 


Figure 20. Table 11 shows the relationship be- 
tween damping resistors and electrical charac- 
teristics. Connecting damping resistors to data 
bus is effective to reduce the noise level as 
shown in Figure 21. 


Countermeasure: If the noise level can not be reduced by con- 
trolling data bus load capacitance or reducing 
Vcc in your application system, connect 
damping resistors (about 100~1509) to data 
bus to reduce the noise level as shown in 
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310 


HD6309E eA, damping resistors (about 1002) 


D, 


Do 


Figure 20 Connecting damping resistors to data bus 


Table 11 The relationship between damping resistors and electrical characteristics 


R= 100~ 1500 _| 


HD63B09E 
a 







(3MHz) 
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10ns 
V peak 
Test condition 
ge a aoe The waveform of the noise 
data bus load capacitance 
= 130pF 
(Vv) 





Noise voltage 





Figure 21 An example of the dependency of the noise voltage on damping resistors 
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2. The Noise at Address Bus Outputs Changing 
(““High’”’ _— “Low’”) 


Problem: The noise over 0.8V may appear on BUSY, LIC, 


AVMA outputs when address bus outputs change 
(worst case; $FFFF~$0000) as shown in Figure 22. 


Ao ~Ais 


tcp = 130ns 
BUSY t ' 
Lic gf noise 
AVMA 





Noise peak (worst case); about 1.5V 
Test condition 


Ta =—20°C t = 25~65ns (Ta = —20°C) 
Vec = 5.5V t = 30~74ns (Ta = 25°C) 
Number of address bus lines switching from “‘High”’ to ‘‘Low” = t= 34~83ns (Ta = 75°C) 
16 ($F FFF-$0000) address bus load capacitance = 90pF 


Period of the noise occurrence (reference data) 


Figure 22 Noise at address bus output changing 
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Countermeasure: To prevent the noise on BUSY, LIC, AVMA shown in Figure 23. An example of counter- 


outputs from appearing, this signals must be measure circuit is shown in Figure 24. 
latched at the negative edge of E or Q clock as 


tcp = 130ns 


BUSY g 
LIC A 


AVMA 
usable period 


Figure 23 An example of countermeasure of the noise 





74. S74 


BUSY 
LIC 
AVMA 


Figure 24 An example of countermeasure circuit 
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HD6802 
MPU (Microprocessor with Clock and RAM) 


The HD6802 is a monolithic 8-bit microprocessor that con- 
tains all the registers and accumulators of the present HD6800 HD6802P 
plus an internal clock oscillator and driver on the same chip. 
In addition, the HD6802 has 128 bytes of RAM on the chip 
located at hex addresses 0000 to 007F. The first 32 bytes of 
RAM, at hex addresses 0000 to 001F, may be retained in a low 
power mode by utilizing Vcc standby, thus facilitating memory 
retention during a power-down situation. 

The HD6802 is completely software compatible with the 
HD6800 as well as the entire HMCS6800 family of parts. 
Hence, the HD6802 is expandable to 65k words. 


FEATURES 

On-Chip Clock Circuit 

128 x 8 Bit On-Chip RAM 

32 Bytes of RAM are Retainable 
Software-Compatible with the HD6800 
Expandable to 65k words 

Standard TTL-Compatible Inputs and Outputs 
8 Bit Word Size 

16 Bit Memory Addressing 

interrupt Capability 

Compatible with MC6802 


# BLOCK DIAGRAM 


Vv Vcc Vv 
cc Vcc Standby Vcc cc 
CJ .) () OO) .) 





Counter/ 
Timer 1/0 





RES Aa (Top View) 
Peraile! 
1/0 
C) Crystal 
Controi { 
Cc Cc, 
=a 
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HD6802 


® ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Supply Voltage V 
Input Voltage Vv 
Operating Temperature rc 
Storage Temperature =C 





* With respect to Vsg (SYSTEM GND) 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


® RECOMMENDED OPERATING CONDITIONS 
pe ee ew 


* With respect to Veg (SYSTEM GND) 


@® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vec=5.0V15%, Veco Standby=5.0V15%, Vsg=0V, Ta=-20~+75°C, unless otherwise noted.) 


Item __|_Symbol | Test Condition _|_min_|typ**| max_| Unit 
Except RES 









sal ene Res 
Except RES 

Input ‘‘Low” Voltage i Vv 

Output “High” Voltage Vv 


BA 







Output “Low” Voltage 
Three State (Off State) Input Current | Do~D> 


Input Leakage Current Except Dyo~D, **** 


Power Dissipation 


Do~D = =25°C 
input Capacitance itt ea sad p= pF 
= ~5 Re 
oon Gres WMA reiowie’ oie 
* In power-down mode, maximum power dissipation is less than 42mW. 
*¢ T.=25 C, Ven =5V 


98 As input has histeresis character, applied voltage up to 2.4V 1s regarded as ’’Low’” level when it goes up from OV. 
##** Does not include EXTAL and XTAL, which are crystal inputs. 
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@ AC CHARACTERISTICS (Vec=5.0V 15%, Voc Standby=5.0V+5%, Vss=0V, Ta=-20~+75°C, unless otherwise noted.) 


1. CLOCK TIMING CHARACTERISTICS 


Item 
Frequency of Operation 


Cycle Time 


Clock Pulse Width 
Clock Fall Time 


2. READ/WRITE TIMING 


Item 
Address Delay 
Peripheral Read Access Time 
Data Setup Time (Read) 
Input Data Hold Time 
Output Data Hold Time 
Address Hold Time (Address, R/W, VMA) 
Data Delay Time (Write) 
Bus Available Delay 


Processor Controls 
Processor Control Setup Time 
Processor Control Rise and Fall Time 
(Measured at 0.8V and 2.0V) 


*Ta = 285°C, Vec = 5V 


Input Clock=4 | of | 
Crystal Frequency | frau | 


“High’’ Level 


“Low” Level 


Symbol 


| PWey | at 2.4V (Fig. 2, Fig. 3) 
at 0.4V (Fig. 2, Fig. 3) 


= 
oa 
cus 
co 
Te [oav~2avirig Fies| — 


| Fig. 2, Fig. 3, Fig. 6 


Symbol 
270 


topw 
A Fig. 4, 


2, 


ig. 5, Fig. 7, Fig. 8 


ot re 


Fig. 4~Fig. 7, Fig. 12 


Fig. 4~Fig. 7, Fig. 12, 





Fig. 13, Fig. 16 


3. POWER DOWN SEQUENCE TIMING, POWER UP RESET TIMING AND MEMORY READY TIMING 


Item 
RAM Enable Reset Time (1) 
RAM Enable Reset Time (2) 
Reset Release Time 
RAM Enable Reset Time (3) 
Memory Ready Setup Time 
Memory Ready Hold Time 


[-symbot [Test Condon [min _ 
| 150 | 


-3 cycles 


Ao) 


“tres = 20 msec min. for S type, 50 msec min. for R type. 
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ns 
ns 


| Unit 


ns 


‘Unit 


ns 


ms 
ns 
ns 
ns 
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5.0V 
Re = 2.4k2 
Test Point C= 130pF for D,~D,, E 
= SOpF for A, ~A,,,R/W, and VMA 
= 30pF for BA 
Cc R R= 11k forD,~D,,€ 


16kQ for A, ~A,,,R/W, and VMA 
= 24kQ for BA 

C includes stray Capacitance. 

All diodes are 182074 @ or equivalent 


Figure 1 Bus Timing Test Load 


teye 


PW PWo 
oe 2.4V 


0.4V 0.4V a i 0.4V 
t 
2.4V j 
| 


7) 
pres : ~ 9, 77 
a es mA TAH 
2st, & i 
a 


eee ee 











2.4V L777 
yur | EE E iG 
tosr 
tAD tece—— 

Data 2.0V 
From Memory ZA Date Valid WD 
or Peripherals . 0.8V Serre” 

1/14 Data Not Valid 
Figure 2 Read Data from Memory or Peripherals 
PWoH 
2.4V 
F y- 0.4V 
— to 
R/W e 
0.4V et 7 
| ta 
Addres AV -Y > ’, 
gem ro! nav Wee ESTE 
perenne ER 
VMA Be; 
tao tH 
Data . a i 
From MPU nao 7/4 __—Data Valid | ay: 


VJALLLILLL Data Not Valid 


Figure 3 Write Data in Memory or Peripherals 
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| The Last Instruction Cycie | HALT Cycle 





E 2 4V 
sos 2 OV 
HALT 
0.8V 
aa ltee J 
PCt tea 
BA -24V 
Figure 4 Timing of HALT and BA 
HALT Cycle | Instruction Cycle 
: | 
0 4V 
HALT 2.0V 
( 0.8V 
t 
tec, PCS tea 
BA 
0 4V 
Figure 5 Timing of HALT and BA 
MPU Reset MPU Restart Sequence 
2.4V 
2 | 0.4v 
Peers .25V 
ae 4.25 
0.8V 
i tao 
VMA 2.4V 


Figure 6 RES and MPU Restart Sequence 
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WAIT Cycle or 
The Last Instruction Cycle 





1RO, NMI 


BA 


HD6802 


Interrupt Sequence 
2 4V | 






Figure 7 {RO and NMI Interrupt Timing 


The last execution cycle of 
| WAI instruction (#9) | WAIT Cycie 


Figure 8 WAI Instruction and BA Timing 


= MPU REGISTERS 

A general block diagram of the HD6802 is shown in Fig. 9. 
As shown, the number and configuration of the registers are the 
same as for the HD6800. The 128 x 8 bit RAM has been 
added to the basic MPU. The first 32 bytes may be operated in a 
low power mode via a Vcc standby. These 32 bytes can be 
retained during power-up and power-down conditions via the 
RE signal. 

The MPU has three 16-bit registers and three 8-bit registers 
available for use by the programmer (Fig. 10). 

@ Program Counter (PC) 

The program counter is a two byte (16-bit) register that 
points to the current program address. 
@ Stack Pointer (SP) 

The stack pointer is a two byte (16-bit) register that contains 
the address of the next available location in an external 
push-down/pop-up stack. This stack is normally a random access 
Read/Write memory that may have any location (address) that 
is convenient. In those applications that require storage of 
information in the stack when power is lost, the stack must be 
non-volatile. 


@ Index Register (1X) 

The index register is a two byte register that is used to store 
data or a sixteen bit memory address for the Indexed mode of 
memory addressing. 

@ Accumulators (ACCA, ACCB) 

The MPU contains two 8-bit accumulators that are used to 
hold operands and results from an arithmetic logic unit(ALU). 
@ Condition Code Register (CCR) 

The condition code register indicates the results of an 
Arithmetic Logic Unit operation: Negative(N), Zero(Z), Over- 
flow(V), Carry from bit7(C), and half carry from bit3(H). These 
bits of the Condition Code Register are used as testable 
conditions for the conditional branch instructions. Bit 4 is the 
interrupt mask bit(I). The used bits of the Condition Code 
Register (B6 and B7) are ones. 

Fig. 11 shows the order of saving the microprocessor status 
within the stack. 
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AA, AGA A Ae A A, AC A, A 
2° 24° 25) 22 20 19 «1817 16 18 14°13 
Output 
Buffers 









Aone 35 Veg Standby 
32 Bytes 
MR 3 96 Bytes 36 RAM Enabie 
E 37 . 
RES 40 Progrem 
NM 6 Counter L 
HALT 2 Clock ra 
TRG 4 Instruction tec eee il 
EXTAL 39 peo Pointer H 
a 
XTAL 38 Control 
BA ? 
VMA § 
RAW 34 





EHChHON 
Regater 
e 


2% 27 28 29 30 31 32 «33 
Vee = Pins 8,35 o, o, o, 0, dD, Oo, 0, D, 
Veg = Pins 1,21 


Figure9 Expanded Block Diagram 


? 0 


7 ’ 


15 


1§ p 


ee 


15 ; 


Condition Codes 
Register 


Carry (From Bit 7) 
Overflow 

Zero 

Negative 

interrupt mask 

Halt Carry (From Bit 3) 





Figure 10 Programming Model of The Microprocessing Unit 





m-9[ 
m-8[ 
m-7f . 
m-6 [oc 
SP = Steck Pointer m-S} ACCB | 
CC = Condition Codes (Also called,the Processor Status Byte) 
ACCB = Accumulator B m-4] ACCA | 
ACCA = Accumuletor A m-3 
IXH © index Register, Higher Order 8 Bits 
Ln re Bes ro tcely dicdh m-2 m-2 
@ Program Counter, Higher Order ts ee = 
PCL = Program Counter, Lower Order 8 Bits nt mes 
m SP om 
m+ meiy 
m+2 a SE 
] 


Figure 11 Saving The Status of The Microprocessor in The Stack 
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® HD6802 MPU SIGNAL DESCRIPTION 

Proper operation of the MPU requires that certain control 
and timing signals be provided to accomplish specific functions 
and that other signal lines be monitored to determine the state 
of the processor. These control and timing signals for the 
HD6802 are similar to those of the HD6800 except that TSC, 
DBE, ¢,, ¢2 input, and two unused pins have been eliminated, 
and the following signal and timing lines have been added. 


RAM Enable (RE) 

Crystal Connections EXTAL and XTAL 

Memory Ready(MR) 

Vcc Standby 

Enable ¢2 Output(E) 

The following is a summary of the HD6802 MPU signals: 

@ Address Bus (Ao on As) 

Sixteen pins are used for the address bus. The outputs are 
capable of driving one standard TTL load and 90pF. 
@ Data Bus (D,. ~ D-) 

Fight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of driving 
one standard TTL load and 130pF. 

Data Bus will be in the output mode when the internal RAM 
is accessed. This prohibits external data entering the MPU. It 
should be noted that the internal RAM is fully decoded from 
$0000 to $007F. External RAM at $0000 to $007F must be 
disabled when internal RAM is accessed. 

@ HALT 

When this input is in the “Low” state, all activity in the 
machine will be halted: This input is level sensitive. 

In the halt mode, the machine will stop at the end of an 
instruction. Bus Available will be at a “High” state. Valid 
Memory Address will be at a “Low” state. The address bus will 
display the address of the next instruction. 


To insure single instruction operation, transition of the 
HALT line must not occur during the last 250ns of E and the 
- HALT line must go “High” for one Clock cycle. 

HALT should be tied “High” if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. 

@ Read/Write (R/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read (“High”) or 
Write (“Low’’) state. The normal standby state of this signal is 
Read (‘‘High’’). When the processor is halted, it will be in the 
logical one state (““High’’). 

This output is capable of driving one standard TTL load and 
90pF. 

@ Valid Memory Address (VMA) 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this signal 
should be utilized for enabling peripheral interfaces such as the 
PIA and ACIA. This signal is not three-state. One standard TTL 
load and 90pF may be directly driven by this active high signal. 
@ Bus Available (BA) 

The Bus Available signal will normally be in the “Low” state. 
When activated, it will go to the “High” state indicating that the 
microprocessor has stopped and that the address bus is available 
(but not in a three-state condition). This will occur if the HALT 
line is in the “Low” state or the processor is in the wait state 
as a result of the execution of a WAI instruction. At such time, 
all three-state output drivers will go to their off state and other 














HD6802 


outputs to their normally inactive level. 

The processor is removed from the wait state by the 
occurrence of a maskable (mask bit I=0) or nonmaskable 
interrupt. This output is capable of driving one standard TTL 
load and 30pF. =r 
@ Interrupt Request (1RQ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait, until 
it completes the current instruction that is being executed 
before it recognizes the request. At that time, if the interrupt 
mask bit in the Condition Code Register is not set, the machine 
will begin an interrupt sequence. The index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
away on the stack. Next the MPU will respond to the interrupt 
request by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit address 
will be loaded that points to a vectoring address which is located 
in memory locations FFF8 and FFF9. An address loaded at 
these locations causes the MPU to branch to an interrupt 
routine in memory. 

The HALT line must be in the “High” state for interrupts to 
be serviced. Interrupts will be latched internally while HALT is 
“Low”. 

A 3kQ external register to Vcc should be used for wire-OR 
and optimum control of interrupts. 

@ Reset (RES) 

This input is used to reset and start the MPU from a 
power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is “Low”, the 
MPU is inactive and the information in the registers will be lost. 
If a “High” level is detected on the input, this will signal the 
MPU to begin the restart sequence. This will start execution of a 
routine to initialize the processor from its reset condition. All 
the higher order address lines will be forced “High”. For the 
restart, the last two(FFFE, FFFF) locations in memory will be 
used to load the program that is addressed by the program 
counter. During the restart routine, the interrupt mask bit is set 
and must be reset before the MPU can be interrupted by IRQ. 
Power-up and reset timing and power-down sequences are 
shown in Fig. 12 and Fig. 13 respectively. 


© Non-Maskable Interrupt (NMI) 

A low-going edge on this input requests that a non-mask- 
interrupt sequence be generated within the processor. As with 
the IRQ signal, the processor will complete the current 
instruction that is being executed before it recognizes the NMI 
signal. The interrupt mask bit in the Condition Code Register 
has no effect on NMI. 

The Index Register, Program Counter, Accumulators, and 
Condition Code Register are stored away on the stack. At the 
end of the cycle, a 16-bit address will be loaded that points toa 
vectoring address which is located in memory locations FFFC 
and FFFD. An address loaded at these locations causes the 
MPU to branch to a non-maskable interrupt routine in memory. 
A 3kQQ external resistor to Vcc should be used for wire-OR 
and optimum control of interrupts. 

Inputs IRQ and NMI are hardware interrupt lines that are 
sampled when E is “High” and will start the interrupt routine 
on a “Low” E following the completion of an instruction. IRQ 
and NMI should be tied “High” if not used. This is good en- 
gineering design practice in general and necessary to insure 
proper operation of the part. Fig. 14 is a flowchart describing the 
major decision paths and interrupt vectors of the microproces- 
sor. Table 1 gives the memory map for interrupt vectors. 
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4.75V 









tLRES 
AES 0.8V 
Option 1 
(See Note below) 
'tLRES 
AES 0.8V 
Option 2 
‘ See Figure 8 for 
RES Power Down condition 
2.0V 
- 0.8V 
tecr 


(NOTE) If option 1 is chosen, RES and RE pins can be tied together. 


Figure 12 Power-up and Reset Timing 





Figure 13 Power-down Sequence 





Figure 14 MPU Flow Chart 
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Table 1 Memory Map for Interrupt Vectors 


Vector 


Description 
FFFE FFFF Restart (RES) 
FFFC FFFD Non-Maskable Interrupt (NMI) 
FFFA FFFB Software Interrupt (SWI) 
FFF8 FFF9 Interrupt Request (TRO) 


@ RAM Enable (RE) 

A TTL-compatible RAM enable input controls the on-chip 
RAM of the HD6802. When placed in the “High” state, the 
on-chip memory is enabled to respond to the MPU controls. In 
the “Low” state, RAM is disabled. This pin may also be utilized 
to disable reading and writing the on-chip RAM during a 
power-down situation. RAM enable must be “Low” three cycles 
before Vcc goes below 4.75V during power-down. 

RE should be tied to the correct “High” or “Low” state if 
not used. This is good engineering design practice in general and 
necessary to insure proper operation of the part. 

@ EXTAL and XTAL 

The HD6802 has an internal oscillator that may be crystal 
controlied. These connections are for a parallel resonant 
fundamental crystal (AT cut). A divide-by-four circuit has been 
added to the HD6802 so that a 4MHz crystal may be used in 
lieu of a 1MHz crystal for a more cost-effective system. Pin39 of 
the HD6802 may be driven externally by a TTL input signal if 
a separate clock is required. Pin38 is to be left open in this 
mode. 

An RC network is not directly usable as a frequency source 
on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the HD6802. 

If an external clock is used, it may not be halted for more 
than 4.5ys. The HD6802 is a dynamic part except for the 
internal RAM, and requires the external clock to retain 
information. 


HD6802 


Conditions for Crystal (4 MHz) 


@ AT Cut Parallel resonant 
@ Co =7 pF max. 
@ R,; = 802 max. 


C, 
Crystal Equivalent Circuit 


Recommended Oscillator (4MHz) 


39 pin 
C, 






HD6802 
Crystal 
38 pin 


C, = C, = 22pF + 20% 


Figure 15 Crystal Oscillator 


When using the crystal, see the note for Board Design of the 
Oscillation Circuit in HD6802. 

@ Memory Ready (MR) 

MR is a TTL compatible input control signal which allows 
stretching of E. When MR is “High”, E will be in normal 
operation. When MR is “Low”, E may be stretched integral 
multiples of half periods, thus allowing interface to slow 
memories. Memory Ready timing is shown in Fig. 16. 

MR should be tied “High” if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. A maximum stretch is 4.5ys. 





Figure 16 Memory Ready Control Function 
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@ Enable (E) 

This pin supplies the clock for the MPU and the rest of the 
system. This is a single phase, TTL compatible clock. This clock 
may be conditioned by a Memory Ready Signal. This is 
equivalent to ¢. on the HD6800. 

& Vec Standby 

This pin supplies the dc voltage to the first 32 bytes of RAM 
as well as the RAM Enable (RE) control logic. Thus retention of 
data in this portion of the RAM on a power up, power-down, or 


standby condition is guaranteed at the range of 4.0 V to 5.25 V. 


Maximum current drain at 5.25V is 8mA. 


@ MPU INSTRUCTION SET 

The HD6802 has a set of 72 different instructions. Included 
are binary and decimal arithmetic, logical, shift, rotate, load, 
store, conditional or unconditional branch, interrupt and stack 
manipulation instructions. 

This instruction set is the same as that for the 


6800MPU(HD6800 etc.) and is not explained again in this 
data sheet. 


® NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT IN HD6802 
In designing the board, the following notes should be taken 
when the crystal oscillator is used. 


Crystal oscillator and load capacity Cy, must be placed near 
the LSI as much as possible. 


wae 


Cy (ore oscillation may be disturbed when external noise = 
CL 


induced to pin 38 and 39. 





Pin 38 signal line should be wired apart from pin 37 signal 
line as much as possible. Don’t wire them in parallel, or normal 
oscillation may be disturbed when E signal is feedbacked to 





XTAL. 
The following design must be avoided. 
Must be avoided 
< m7 
& § 
” ” 
Poy 
| 
A signal line or a power source line must not cross or go near 
Signal C 





the oscillation circuit line as shown in the left figure to prevent 
the induction from these lines and perform the correct 


oscillation. The resistance among XTAL, EXTAL and other pins 
should be over 1OMQ. 


Figure 17 Note for Board Design of the Oscillation Circuit 
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E signal is wired apart from 38 pin 
and 39 pin. 





(Top View) 


Figure 18 Example of Board Design Using the Crystal Oscillator 
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s NOTE FOR THE RELATION BETWEEN WAI INSTRUCTION AND HALT OPERATION OF HD6802 


When HALT input signal is asserted to ““Low” outputs the ‘‘High”’ level on the BA line. 
level, the MPU will be halted after the execution of When an interrupt request signal is input to the 
the current instruction except WAI instruction. MPU, the MPU accepts the interrupt regardless the 

The “Halt” signal is not accepted after the fetch “Halt” signal and releases the “WAIT” state and out- 
cycle of the WAI instruction (See @) in Fig. 19). In the puts the interrupt’s vector address. If the “Halt” signal 
case of the “WAI” instruction, the MPU enters the is “Low” level, the MPU halts after the fetch of new 
“WAIT” cycle after stacking the internal registers and PC contents. The sequense is shown below. 

WAI 


Instruction 


cl ee rm a parece 2 eee ee) 





ector Vector New PC 
Address Address Address 






If this cycle ts at “Low” 
level, the next cycle is 
the Halt cycle 





When the interrupt occurs during the WAIT CYCLE, the MPU accepts the interrupt even if HALT 1s at ‘’Low” level 





Figure 19 HD6802 WAIT CYCLE & HALT Request 
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HDéso2 WHS 
MPU (Microprocessor with Clock and RAM) 


HD6802W is the enhanced version of HD6802 which con- 
tains MPU, clock and 256 bytes RAM. Internal RAM has been HD6802WP 
extended from 128 to 256 bytes to increase the capacity of 
system read/write memory for handling temporary data and 
manipulating the stack. 

The internal RAM is located at hex addresses 0000 to OOFF. 
The first 32 bytes of RAM, at hex addresses 0000 to 001F, may 
be retained in a low power mode by utilizing Vcc standby, 
thus facilitating memory retention during a power-down situa- 
tion. 

The HD6802W is completely software compatible with the 
HD6800 as well as the entire HMCS6800 family of parts. Hence, 
the HD6802W is expandable to 65k words. (DP-40) 





FEATURES 

On-Chip Clock Circuit 
256 x 8 Bit On-Chip RAM a PIN ARRANGEMENT 
32 Bytes.of RAM are Retainable 
Software-Compatible with the HD6800, HD6802 
Expandable to 65k words 

Standard TTL-Compatible Inputs and Outputs 

8 Bit Word Size 

16 Bit Memory Addressing 

Interrupt Capability 





HD6802W 


= BLOCK DIAGRAM 


Vec 
Vcc Vcc Standby Vec Vec 
i) @ @ . ) 





Counter/ : 
Timer 1/0 { (Top View) 





= th 
Paraitel 
1/0 
| C_) Crystal 
Control { m 
Th 
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A expanded block diagram of the HD6802W is shown in Fig. 
1. As shown, the number and configuration of the registers are 





MR 3 
E 37 
RES 40 Program 
NMI 6 Counter 
WALT 2 Clock 
TRO 4 Instruction eet 
EXTAL 39 Decode 
and 
XTAL 38 Control index 
BA 7 Register + 
VMA 5 
RW 34 
Instruction 
Register 
| | Date | 
Bufter 
2% 27 28 29 «30 «31 «32 «33 
Vec *Pins 8,35 0, 0, 0, DO, D, 0, D, OD, 
Vgg = Pins 1,21 







the same as the HD6802 except that the internal RAM has been 
extended to 256 bytes. 


36 RAM Enable 


Figure 1 Expanded Block Diagram 


Address Map of RAM is shown is Fig. 2. 

The HD6802W has 256 bytes of RAM on the chip located 
at hex addresses 0000 to OOFF. The first 32 bytes of RAM, at 
hex addresses 0000 to OOIF, may be retained in a low power 


OO1F 
0020 


OOFF 


mode by utilizing Vcc standby and setting RAM Enable Signal 
““Low’’ level, thus facilitating memory retention during a 
power-down situation. 


} retention by Vcc Standby 


Figure 2 Address Map of HD6802W 
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® ABSOLUTE MAXIMUM RATINGS 
Supply Volto v 


Input Voltage -0.3 ~ +7.0 
Operating Temperature -20~ 475 
* With respect to Vsg (SYSTEM GND) 


(NOTE) Permanent LS! Gamage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


< 


° 


° 
Q1oO 


® RECOMMENDED OPERATING CONDITIONS 


v 
Supply Voltage v suntyt ae | ss | 


ae 
Input Voltage [eet [20 Pd Ve 
mw” [RES | Vec-07 | - | Vee] 
Operation Temperature | Tor | 2 | % | 7% |e 


* With respect to Vss (SYSTEM GND) 





® ELECTRICAL CHARACTERISTICS 
® DC CHARACTERISTICS (Vec=5.0Vt5%, Vec Standby=5.0V+5%, Vsg=0V, Ta=-20~+75°C, unless otherwise noted.) 


item | Symbol | Test Condition |_min_[typ* | max_| Unit 
Input “High” Voltage Vie vec-0.75| — Vv 
| Vec_| 
[Exceot AES | [03 | 
Input “Low” Voltage Vie 


< 


< 


lon=-205WA | 24 | — | 
Output “High” Voltage Von [low=-45uA | 24 | | — | V 
BA lon = -100HA ae 
Output “Low” Voltage Vor | tov=iema | = | = [oa |v 
Three State (Off State) Input Current [De~Dr | tsi | We=0a~24v | 10 | — | 10 | mA 
Input Leakege Current [Except y~D7 | _in*** | Va=Ors2ev | 28 | — [28 [uA 
Power Dissipation a a 
| Vin-OV,T4=25°C, | _- | 10 | 125° 
shannalee fe1.OMHz = Testi | 
Es a ° 
=o read ae ee 


* T4725 _C, Vor =5V 

** As inputhas histeresis character, applied voltage up to 2.4V is regarded as ‘’Low” level when it goes up from OV. 
*** Does not include EXTAL and XTAL, which are crystal inputs. 

**** In power-down mode, maximum power dissipation is less than 42mW. 
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@ AC CHARACTERISTICS (Voc=5.0Vt5%, Voc Standby=5.0V+5%, Vgg=0V, Ta=-20~+75°C, unless otherwise noted.) 
1. CLOCK TIMING CHARACTERISTICS 


item {Ste conden ma mae Unit 
1.0 _| 


Input Clock + 4 
Frequency of Operation 
Crystal Frequency 


Cycle Time 






Fig. 4, , Fig. 5 


at 2. AV (Fig. 4, Fig. 5) 
at 0.4V (Fig. 4, Fig. 5) 


0.4V ~ 2.4V(Fig.4,Fig.5) 








; “High” Level _ 
“‘Low” Level 








Clock Pulse Width 





Clock Fall Time 








2. READ/WRITE TIMING 


hem [max] Une 
Address Delay Fig. 4, Fig. 5, Fig. 8 270 ns 


3 
nan 


Peripheral Read Access Time 

Data Setup Time (Read) | tosr | 
Input Data Hold Time 

Output Data Hold Time ces 
Address Hold Time (Address, R/W, VMA) 
Data Delay Time (Write) 


Bus Available Delay | tan _ |Fig. 6, Fig. 7, Fig. 9, Fig. 10 


Processor Control Setup Time tecs__|Fig. 6 ~ Fig. 9, Fig. 11 


Processor Control Rise and Fall Time Fig. 6 ~ Fig. 9, Fig. 11, Fig. 12, 
(Measured at 0.8V and 2.0V) Fig. 14 


> > a ee) 
aA} nialinu 





ns 


ns 





n 


ns 





* Ta= 25°C, Veo = 5V 


3. POWER DOWN SEQUENCE TIMING, POWER UP RESET TIMING AND MEMORY READY TIMING 








item a cea [Unit 
RAM Enable Reset Time (1) tres ns 
RAM Enable Reset Time (2) _ treo 
Reset Release Time 7 tLres ms 
RAM Enable Reset Time (3) tre3 ns 
Memory Ready Setup Time tour ns 
Memory Ready Hold Time —_ tumre ns 

© HITACHI 


330 Hitachi America, Ltd. e Hitachi Plaza ¢ 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 © (415) 589-8300 








HD6802Ww 


5.0V 


Ry = 2.4k2 


Test Point C= 130pF for 0, ~D,,€ = 
= 90pF for A, ~A,,, R/W, and VMA 
_= 30pF for BA 
C R R=11kQforD,~D,,E _ 
= 16k for A, ~A,,, R/W, and VMA 
= 24k for BA 
C includes stray Capacitance. 
All diodes are 1S2074() or equivalent. 


Figure 3 Bus Timing Test Load 


teye 
PWor PWo 


2.4V 
0.4V 0.4v4 0.4V 


te 
— 2.4V a wy, 
7 <2 
ees a 


Add 9 
FomMPU og Vara 
ee 





2.4V TT <7 
m = i 
tosr 
tad tacc 
: Data 2.0V tip y 
or Peripherals 0.8V L4 i 





Vj//444 Data Not Valid 


Figure 4 Read Data from Memory or Peripherals 


PWo. PWOH 
E 2.4V | 2.4V 
0.4V 1 0.4V 0.4V 


| 






t 
a _ ¢ 
hy 
wv | —~G 
a ant GRR eee eeEEERE 8 7 
ress 4 Wii, P 
rommpu oav Ler | CL 
ee 
agg Seale ee (RRR REE RRS —fh7 
VMA ee 
taD tH 
Data aan or 5 
From MPU 7 0.4V <7 _‘DataVaid | 2 


Vii sisj Data Not Valid 


Figure 5 Write Data in Memory or Peripherals 
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The Last Instruction Cycle HALT Cycle 





2 4V 
E 
ea 2 OV 
HALT 
0 8V 
cil eee 
PCI tea 
BA 2 4V 
Figure 6 Timing of HALT and BA 
HALT Cycle | instruction Cycle 
E 
0 4V 
HALT 2 OV 
0 8V 
; tecs tan 
PCr 
BA 
0 4V 
Figure 7 Timing of HALT and BA 
MPU Reset MPU Restart Sequence 
2.4V 
E 0 4V 
an Vcc—O 75V 
RES Ee 
0 8V 
tees tap 
t PCr 
.4 
VMA ad 


Figure 8 RES and MPU Restart Sequence 
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WAIT Cycle or 
The Last instruction Cycle Interrupt Sequence 
2 4V 
E 
BS Fae 2 OV 
IRQ, NMI 
0 8V 
(When WAIT Cycle) 
\ 
BA 0.4V 
Figure 9 !ROQ and NMI Interrupt Timing 
The last execution cycle of 
| WAI instruction (#9) | WAIT Cycle 
2 4V 
E 
tea 
2.4V 
BA 


Figure 10 WAI Instruction and BA Timing 
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#® HD6802W MPU SIGNAL DESCRIPTION 


@ Address Bus (Ay ~ A;;5) 

Sixteen pins are used for the address bus. The outputs are 
capable of driving one standard TTL load and 90pF. 
@ Data Bus (D, ~ D,) 

Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of driving 
one standard TTL load and 130pF. 

Data Bus will be in the output mode when the internal RAM 
is accessed. This prohibits external data entering the MPU. It 
should be noted that the internal RAM is fully decoded from 
$0000 to $OOFF. External RAM at $0000 to $OOFF must be 
disabled when internal RAM is accessed. 

@ HALT 

When this input is in the “Low” state, all activity in the 
machine will be halted: This input is level sensitive. 

In the halt mode, the machine will stop at the end of an 
instruction. Bus Available will be at a “High” state. Valid 
Memory Address will be at a “Low” state. The address bus will 
display the address of the next instruction. 


To insure single instruction operation, transition of the 
HALT line must not occur during the last tpcg of E and the 
HALT line must go “High” for one Clock cycle. 

HALT should be tied “High” if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. 

@ Read/Write (R/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read (“High”) or 
Write (“Low’) state. The normal standby state of this signal is 
Read (“‘High’’). When the processor is halted, it will be in the 
logical one state (“High’’). 

This output is capable of driving one standard TTL load and 
90pF. 

@ Valid Memory Address (VMA) 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this signal 
should be utilized for enabling peripheral interfaces such as the 
PIA and ACIA. This signal is not three-state. One standard TTL 
load and 90pF may be directly driven by this active high signal. 
@ Bus Available (BA) 

The Bus Available signal will normally be in the “Low” state. 
When activated, it will go to the “High” state indicating that the 
microprocessor has stopped and that the address bus is available 
(but not in a three-state condition). This will occur if the HALT 
line is in the “Low” state or the processor is in the wait state 
as a result of the execution of a WAI instruction. At such time, 
all three-state output drivers will go to their off state and other 
outputs to their normally inactive level. 

The processor is removed from the wait state by the 
occurrence of a maskable (mask bit I=0) or nonmaskable 
interrupt. This output is capable of driving one standard TTL 
load and 30pF. _ 

@ Interrupt Request (!RQ) 
This level sensitive input requests that an interrupt sequence 














be generated within the machine. The processor will wait, until 
it completes the current instruction that is being executed 
before it recognizes the request. At that time, if the interrupt 
mask bit in the Condition Code Register is not set, the machine 
will begin an interrupt sequence. The index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
away on the stack. Next the MPU will respond to the interrupt 
request by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit address 
will be loaded that points to a vectoring address which is located 
in memory locations FFF8 and FFF9. An address loaded at 
these locations causes the MPU to branch to an interrupt 
routine in memory. 

The HALT line must be in the “High” state for interrupts to 
be serviced. Interrupts will be latched internally while HALT is 
“Low”. 

A 3kQ external register to Vcc should be used for wire-OR 
and optimum control of interrupts. 
© Reset (RES) 

This input is used to reset and start the MPU from a 
power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is “Low”, the 
MPU is inactive and the information in the registers will be lost. 
If a “High” level is detected on the input, this will signal the 
MPU to begin the restart sequence. This will start execution of a 
routine to initialize the processor from its reset condition. All 
the higher order address lines will be forced “High”. For the 
restart, the last two(FFFE, FFFF) locations in memory will be 
used to load the program that is addressed by the program 
counter, During the restart routine, the interrupt mask bit is set 
and must be reset before the MPU can be interrupted by IRQ. 
Power-up and reset timing and power-down sequences are 
shown in Fig. 11 and Fig. 12 respectively. 


® Non-Maskable Interrupt (NMI) 

A low-going edge on this input requests that a non-mask- 
interrupt sequence be generated within the processor. As with 
the IRQ signal, the processor will complete the current 
instruction that is being executed before it recognizes the NMI 
signal. The interrupt mask bit in the Condition Code Register 
has no effect on NMI. 

The Index Register, Program Counter, Accumulators, and 
Condition Code Register are stored away on the stack. At the 
end of the cycle, a 16-bit address will be loaded that points toa 
vectoring address which is located in memory locations FFFC 
and FFFD. An address loaded at these locations causes the 
MPU to branch to a non-maskable interrupt routine in memory. 
A 3kQ external resistor to Vcc should be used for wire-OR 
and optimum control of interrupts. 

Inputs IRQ and NMI are hardware interrupt lines that are 
sampled when E is “High” and will start the interrupt routine 
on a “Low” E following the completion of an instruction. IRQ 
and NMI should be tied “High” if not used. This is good en- 
gineering design practice in general and necessary to insure 
proper operation of the part. Fig. 13 is a flowchart describing 
the major decision paths and interrupt vectors of the micro- 
processor. Table 1 gives the memory map for interrupt vectors. 
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tLRES 
RES 0.8V 
Option 1 
(See Note below) 
tLRES 
RE 
0.8V 
Option 2 
See Figure 12 for 
t 
RE3 Power Down condition 
ae 2.0V 
0.8V 
tpcr 


dh = 6~€U~C~<“‘(“‘(i«*S Nl 


(NOTE) If option 1 is chosen, RES and RE pins can be tied together. 


Figure 11 Power-up and Reset Timing 





Figure 12 Power-down Sequence 


Execute 
Instruction 


Figure 13 MPU Flow Chart 


© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300 





335 








HD6802W 


Table 1 Memory Map for Interrupt Vectors 





Vector bs fag 
MS LS Description 
FFFE FFFF Restart (RES) 
FFFC FFFD Non-Maskable Interrupt (NMI) 
FFFA FFFB Software Interrupt (SWI) 
FFF8 FFF9 Interrupt Request (TRQ) 


@ RAM Enable (RE) 

A TTL-compatible RAM enable input controls the on-chip 
RAM of the HD6802W. When placed in the “High” state, the 
on-chip memory is enabled to respond to the MPU controls. In 
the “Low” state, RAM is disabled. This pin may also be utilized 
to disable reading and writing the on-chip RAM during a 
power-down situation. RAM enable must be “Low” three cycles 
before Voc goes below 4.75V during power-down. 

RE should be tied to the correct “High” or “Low” state if 
not used. This is good engineering design practice in general and 
necessary to insure proper operation of the part. 

@ EXTAL and XTAL 

The HD6802W has an internal oscillator that may be crystal 
controlled. These connections are for a parallel resonant 
fundamental crystal (AT cut). A divide-by-four circuit has been 
added to the HD6802W so that a 4MHz crystal may be used in 
lieu of a 1MHz crystal for a more cost-effective system. Pin39 of 
the HD6802W may be driven externally by a TTL input signal if 
a separate clock is required. Pin38 is to be left open in this 
mode. 

An RC network is not directly usable as a frequency source 
on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the HD6802W. 

If an external clock is used, it may not be halted for more 
than 4.5us. The HD6802W is a dynamic part except for the 
internal RAM, and requires the external clock to retain 
information. 





Conditions tor Crystal (4 MHz) 


@ AT Cut Parallel resonant 
® Cy =7 pF max. 
@ R, = 802 max. 


Crystal Equivalent Circuit 


Recommended Oscillator (4MHz) 
39 pin 
HD6802W 


38 pin 





When using the crystal, see the note for Board Design of the 
Oscillation Circuit in HD6802W. 

@ Memory Ready (MR) 

MR is a TTL compatible input control signal which allows 
stretching of E. When MR is “High”, E will be in normal 
operation. When MR is “Low”, E may be stretched integral 
multiples of half periods, thus allowing interface to slow 
memories. Memory Ready timing is shown in Fig. 14. 

MR should be tied “High” if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. A maximum stretch is 4.5ys. 


0.4V 





Figure 14 Memory Ready Control Function 
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@ Enable (E) 

This pin supplies the clock for the MPU and the rest of the 
system. This is a single phase, TTL compatible clock. This clock 
may be conditioned by a Memory Ready Signal. This is 
equivalent to ¢, on the HD6800. 

@ Vcc Standby 

This pin supplies the dc voltage to the first 32 bytes of RAM 
as well as the RAM Enable (RE) control logic. Thus retention of 
data in this portion of the RAM on a power-up, power-down, or 


standby condition is guaranteed at the range of 4.0 V to 5.25 V. 


Maximum current drain at 5.25V is 8mA. 


HD6802W 


® MPU INSTRUCTION SET 

The HD6802W has a set of 72 different instructions. 
Included are binary and decimal arithmetic, logical, shift, rotate, 
load, store, conditional or unconditional branch, interrupt and 
stack manipulation instructions. 

This instruction set is the same as that for the 
6800MPU (HD6800 etc.) and is not explained again in this 
data sheet. 


= NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT IN HD6802W 


In designing the board, the following notes should be taken 
when the crystal oscillator is used. 


Crystal oscillator and load capacity Cy must be placed near 
the LSI as much as possible. 


Normal oscillation may be disturbed when external noise is 
induced to pin 38 and 39. 


Pin 38 signal line should be wired apart from pin 37 signal 
line as much as possible. Don’t wire them in parallel, or normal 


oscillation may be disturbed when E signal is feedbacked to 
XTAL. 





The following design must be avoided. 


Must be avoided 


—|- — — Signal A 






A signal line or a power source line must not cross or go near 
the oscillation circuit line as shown in the left figure to prevent 
the induction from these lines and perform the correct 


oscillation. The resistance among XTAL, EXTAL and other pins 
should be over 1OMQ. 


Signal C 


——-|-—]-— — Signal B 


> 
Pi 


HD6802W 


Figure 15 Note for Board Design of the Oscillation Circuit 
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E signal is wired apart from 38 pin 
and 39 pin. 





(Top View) 


Figure 16 Example of Board Design Using the Crystal Oscillator 
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® NOTE FOR THE RELATION BETWEEN WAI INSTRUCTION AND HALT OPERATION OF HD6802W 


When HALT input signal is asserted to “Low” outputs the “High” level on the BA line. 
level, the MPU will be halted after the execution of When an interrupt request signal is input to the 
the current instruction except WAI instruction. MPU, the MPU accepts the interrupt regardless the 

The “Halt” signal is not accepted after the fetch “Halt” signal and releases the “WAIT” state and out- 
cycle of the WAI instruction (See @) in Fig. 17). In the puts the interrupt’s vector address. If the “Halt” signal 
case of the “WAI” instruction, the MPU enters the is “Low” level, the MPU halts after the fetch of new 
“WAIT” cycle after stacking the internal registers and PC contents. The sequense is shown below. 

WAI 


Instruction 


|Feten | | | | | | | | }-———wart cycLe———+| | | | | 











Address 
eu KD 


SP (mn) SP (n-1) SP (n-2) SP (n-3) SP (n-4) SP (n-5) SP (n-6) 









Vector New PC 
Address Address 


ector 
Address 


R/W 
ce ah 


aa ® 





When the interrupt occurs during the WAIT CYCLE, the MPU accepts the interrupt even if HALT 1s at ‘’Low”’ level 





If this cycle 1s at “Low” 
level, the next cycle is 
the Halt cycle 


Figure 17 HD6802W WAIT CYCLE & HALT Request 
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HD6803, HD6803-1 
MPU (Micro Processing Unit) 





The HD6803 MPU is an 8-bit micro processing unit which 


is compatible with the HMCS6800 family of parts. The HD6803 HD6803P 
MPU is object code compatible with the HD6800 with improved HD6803P.-1 


execution times of key instructions plus several new 16-bit and 
8-bit instruction including an 8 x 8 unsigned multiply with 
16-bit result. The HD6803 MPU can be expanded to 65k bytes. 
The HD6803 MPU is TTL compatible and requires one +0.5 
volt power supply. The HD6803 MPU has 128 bytes of RAM, 
Serial Communications Interface (S.C.I.), and parallel I/O as 
well as a three function 16-bit timer. Features and Block 


Diagram of the HD6803 include the following: 


340 


FEATURES 

Expanded HMCS6800 Instruction Set 

8 x 8 Multiply 

On-Chip Serial Communications Interface (S.C.1.) 
Object Code Compatible with The HD6800 MPU 
16-Bit Timer 

Expandable to 65k Bytes 

Multiplexed Address and Data 

128 Bytes of RAM (64 Bytes Retainable On Power 
Down) 

13 Parallel 1/O Lines 

Internal Clock/Divided-By-Four 

TTL Compatible Inputs and Outputs 

interrupt Capability 

Compatible with MC6803 and MC6803-1 


BLOCK DIAGRAM 


"1 < Address | 
Buffers 


1§ 
Pie 








~~ 
~~ 


HD6803 BY O6/A, 


—_ - - ~~ td 
- fad = o o - 


a 


vu vu VUTClUc TCU TCU TTC FUFULhUT]UhUCUC]!hU]V 





P17 (20 29 Vcc Standby 


(Top View) 


p: @_ TYPE OF PRODUCTS 
Pie Bus Timing 





Pu 1.25MHz 
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® ABSOLUTE MAXIMUM RATINGS 


em Vale Unie 
Supply Vottaw 03~470 v 


Input Voltage -0.3 ~ +7.0 


Operating Temperature 0 ~+70 


1< 


° 
© 


Storage Temperature - 55 ~ +150 


2) 


* With respect to Vgg (SYSTEM GND) 
(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 


® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc =5.0V15%, Vss = OV, Ta = 0~+70°C, unless otherwise noted.) 


item Symbol 


Vin 

Viv 
OL 
in 


Unit 


< 


Q ja 
a 
< 


Input “High” Voltage ¢ Vv 


input “Low” Voltage All Inputs * 
Input Load Current EXTAL Vin =9~ Vee 


in = an 
Input Leakage Current | NMI, IRO,, RES | Wal | Vin = O ~ 5.25V 
in = 


Three State (Offset) Pio~ Pi7, Do /Ag~ 04/A 
10~ P17, Do/Ap~ Dy + tat | V noe 


mA 


Leakage Current Pig ~ Pra a8 


Doha ~ O/B, 
Output “High’’ Voltage | Ag ~ Ajs, E, R/W, AS Von 

Other Outputs 
Output “’Low’’ Voltage {| All Outputs 
Darlington Drive Current} Pig ~ P,- 


lLoap = -145 uA 
lLoan = -100 vA 

V lLoap = 1 6 mA 
Vout = 1.5V 





mA 
Power Dissipation mw 


Do/Ao ~D+/A, Vin = OV, Ta= 25 C, 


~ 
on 
ao) 


Input Capacitance Cc fsAOMA pF 
= 1, z 
Vec Standby - V 
Operating [Ves | =~ 
Standby Current Powerdown Vsee = 4.0V mA 
*Except Mode Programming Levels. 
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@ AC CHARACTERISTICS 
BUS TIMING (Vcc = 5.0V + 5%, Veg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


Test HD 
Item Symbol Condi- 
tion 


8 
© 
w 
<= 
Oo 
8 
© 
QW 
— 


Unit 


Cycle Time 

Address Strobe Pulse Width “High” * 
Address Strobe Rise Time 

Address Strobe Fall Time 

Address Strobe Delay Time * 

Enable Rise Time 

Enable Fall Time 

Enable Pulse Width ‘‘High” Time * 
Enable Pulse Width ‘‘Low”’ Time * 
Address Strobe to Enable Delay Time * 
Address Delay Time 

Address Delay Time for Latch * tani 
Data Set-up Write Time 
Data Set-up Read Time 


Address Set-up Time for Latch * tast 
Address Hold Time for Latch tant 
Address Hold Time 

Peripheral Read Access Time (Multiplexed Bus)* 
Oscillator stabilization Time 

Processor Control Set-up Time 


c 


< 


_ : 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 
ns 
ns 
ns 
ms 
ns 


a 
e 
fee] 


ao] 
N 
~ 
>! 
rt 
< 


*These timings change in approximate proportion to teyc. The figures in this characteristics represent those when teyc is Minimum 
(= in the highest speed operation). 


PERIPHERAL PORT TIMING (Vcc =5.0V + 5%, Vgg = OV, Ta= 0~ +70°C, unless otherwise noted.) 


fem Symbol 


Peripheral Date Setup Time [Port 1,2 re 
Peripheral Data Hold Time | Port 1,2 Fie. 1 


Delay Time, Enable Negative 
Transition to Peripheral Data 
Valid 


. Except Pa; 


eee ns 
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TIMER, SCI TIMING (Vcc = 5.0V +5%, Vgg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


Timer Input Pulse Width a Se et 


Delay Time, Enable Positive Transition to ; 
Timer Out ze 


SCI Input Clock Cycle i ae teye 
tae 


SCI Input Clock Pulse Width tseyc 


MODE PROGRAMMING (Vcc = 5.0V +5%, Vgg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


item [Symbor | Test Gondition [min [we [max _] Uni 
Mode Programming Input “Low” Voltage ep Vv 
Mode Programming Input ‘‘High” Voltage | 400 | = Vv 
RES “Low’” Pulse Width | 300 | - | | tee 
Mode Programming Set-up Time | tues | | 20 | - | - | teye 

“Mode Programming RES Rise Time @ tps | oO | - | - | a 
Hold Time a a ee 


leye 


Address Strobe 
(AS) 


2 4V 
Enabie 
(E) en 


0.5V 





ter 


| OGY 
MPU Write ; 
On/ An ~ 0;/A; 
(Port 3) 


Address 





aie ‘Osa {wr 
20V 
MPU Read A aes 
Du /Avo ~ 07/A; 4 Valid 4 Data Valid » 
(Port 3) 0.8V 


Mace) 


Figure 1 Expanded Multiplexed Bus Timing 
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‘7 MPU Write 





Enable (E) Enable (E) 
0.5V 
Po ~?P.,, All Date 
Pi ~ Ps, Port Outputs 
* Not applicable to P,, 
Figure 2 Data Set-up and Hold Times Figure 3 Port Data Delay Timing 
(MPU Read) (MPU Write) 
Enable (E) 






Timer 
Counter 





Output Compare 
Matched 
Mode Inputs 
‘TOO Pig Pare Paa) 


P,, 2.2V 
Output 0.6V 


Figure 5 Mode Programming Timing 


Figure 4 Timer Output Timing 


Vec 
RL =2.2kN 
Test Point 
1§2074 (H) 
or Equiv 
c R 
C = 90pF for Do/Ap ~ D4/A7, Ag ~ As, E, AS, RW 


30 pF for Pig me Pit, P29 is Px 
12 kM for Do/Ag ~ D7/Ay, Ag ~ Ajs, E, AS, R/W 
24 kQ for Pio ~ Py, P29 ro Prag 

TTL Load 


Figure 6 Bus Timing Test Load 
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NMI or IRQ, * 
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Date Bus Op Code Op Code PCO~PC? PC8~PCIBS xO~x7 XB~X15 ACCA ACCB te t lector Vector wst inet. o' 
Oeta MSB LSB interrupt Routine 
internal R/W 
* TAG, . internal interrupt Figure 7 Interrupt Sequence 
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Date Bus 
PC8~PC15 PCO~PC7 First 





instruction 
AN) Not Valid 
Figure 8 Reset Timing 
®@ SIGNAL DESCRIPTIONS Nomina! Crystal Parameter 


@ VCC and Vss 

These two pins are used to supply power and ground to the 
chip. The voltage supplied will be +5 volts +5%. 
@ XTAL and EXTAL 

These connections are for a parallel resonant fundamental 
crystal, AT cut. Devide-by-4 circuitry is included with the 
internal clock, so a 4 MHz crystal may be used to run the 
system at 1 MHz. The devide-by-4 circuitry allows for use of the 3 Ciy* Cio = 22pF + 20% 
inexpensive 3.58 MHz Color TV crystal for non-time critical (3.2 ~ 5 MHz) 
applications. Two 22pF capacitors are needed from the two [NOTE] AT cut parallel 
crystal pins to ground to insure reliable operation. An example EXTAL resonance parameters 
of the crystal interface is shown in Fig. 9. EXTAL may be 
driven by an external TTL compatible source with a 45% to onan off 
55% duty cycle. It will devided by 4 any frequency less than ae oe 
or equal to 5 MHz. XTAL must be grounded if an external 


clock is used. Figure 9 Crystal Interface 





XTAL 
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@ Vec Standby 
This pin will supply +5 volts +5% to the standby RAM on the 
chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current max. The circuit of figure 13 
can be utilized to assure that Vcc Standby does not go below 
Vspp during power down. 
To retain information in the RAM during power down the 
following procedure is necessary: 
1) Write “0” into the RAM enable bit, RAME. RAME is bit 
6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 
2) Keep Vcc Standby greater than Vspp. 


Vec Standby Power Line 


a 


Figure 10 Battery Backup for Voc Standby 


@ Reset (RES) 

This input is used to reset and start the MPU from a power 
down condition, resulting from a power failure or an initial 
startup of the processor. On power up, the reset must be held 
“Low” for at least 100 ms. When reset during operation, RES 
must be held “Low” at least 3 clock cycles. 

When a “High” level is detected, the CPU does the follow- 
ing; 

1) All the higher order address lines will be forced “High”. 

2) 1/O Port 2 bits, 2, 1, and O are latched into programmed 

control bits PC2, PC1 and PCO. 

3) The last two ($FFFE, $FFFF) locations in memory will 
be used to load the program addressed by the program 
counter. 

4) The interrupt mask bit is set. Clear before the CPU can 
recognize maskable interrupts. 

@ Enable (E) 

This supplies the external clock for the rest of the system 
when the internal oscillator is used. It is a single phase, TTL 
compatible clock, and will be the divide-by-4 result of the 
crystal oscillator frequency. It will drive one TTL load and 90 
pF capacitance. 

@ Non-Maskable Interrupt (NMI) 

When the falling edge of the input signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence internally. 
As with interrupt Request signal, the processor will complete 
the current instruction that is being executed before it recognizes 
the NMI signal. The interrupt mask bit in the Condition Code 
Register has no effect on 

In response to an NMI interrupt, the Index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16-bit address will 
be loaded that points to a vectoring address located in memory 
locations $FFFC and $FFFD. An address loaded at these loca- 
tions causes the CPU to branch to a non-maskable interrupt 
service routine in memory. 

A 3.3 kQ external resistor to Vcc should be used for 
wire-OR and optimum control of interrupts. 

Inputs IRQ, and NMI are hardware interrupt lines that are 
sampled during E and will start the interrupt routine on the 





E following the completion of an instruction. 


© Interrupt Request (IRQ; ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will complete 
the current instruction before it recognizes the request. At 
that time, if the interrupt mask bit in the Condition Code 
Register is not set, the machine will begin an interrupt se- 
quence. The Index Register, Program Counter, Accumulators, 
and Condition Code Register are stored on the stack. Next the 
CPU will respond to the interrupt request by setting the inter- 
rupt mask bit “High” so that no further maskable interrupts 
may occur. At the end of the cycle, a 16-bit address will be 
loaded that points to a vectoring address which is located 
in memory locations $FFF8 and $FFF9. An address loaded 
at these locations causes the CPU to branch to an interrupt 
routine in memory. 

The IRQ, requires a 3.3 kQ external resistor to Vcc which 
should be used for wire-OR and optimum control of interrupts. 
Internal Interrupts will use an internal interrupt line (IRQ). 
This interrupt will operate the same as IRQ, except that it will 
use the vector address of $FFFO through $FFF7. IRQ, will 
have priority to IRQ, if both occur at the same time. / The 
Interrupt Mask Bit in the condition code register masks both 
interrupts (See Table 1). 


Table 1 Interrupt Vector Location 


Vector 





Interrupt 
MSB LSB 
Highest | FFFE | FFFF RES 
Priority FFFC | FFFD Nui 
FFFA | FFB | Software Interrupt (SWI) 
FFF8 | FFFO | IRQ, 
FFF6 ICF (input Capture) 
FFF4 | FFFS | OCF (Output Compare) 
FFF2 | FFF | TOF (Timer Overflow) 
aides FFFO | FFF1| SCI (RDRF + ORFE + TORE) 


@ Read/Write (R/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the CPU is in a Read (“High”) or a 
Write (‘“‘Low”) state. The normal standby state of this signal is 
Read (“High”). This output can drive one TTL load and 90pF 
capacitance. 


@ Address Strobe (AS) 

In the expanded multiplexed mode of operation, address 
strobe is output on this pin. This signal is used to latch the 8 
LSB’s of address which are multiplexed with data on Do/Ao 
to D,/A,. An 8-bit latch is utilized in conjunction with Address 
Strobe, as shown in figure 11. So Dg/Ap to D,/A, can become 
data bus during the E pulse. The timing for this signal is shown 
in Figure | of Bus Timing. This signal is also used to disable the 
address from the multiplexed bus allowing a deselect time, tasp 
before the data is enabled to the bus. 


@® PORTS 
There are two I/O ports on the HD6803 MPU; one 8-bit 


port and one S-bit port. Each port has an associated write 
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only Data Direction Register which allows each I/O line to be 
programmed to act as an input or an output*. A “1” in the 
corresponding Data Direction Register bit will cause that I/O 
line to be an output. A “0” in the corresponding Data Direction 
Register bit will cause that I/O line to be an input. There are 
two ports: Port 1, Port 2. Their addresses and the addresses of 
their Data Direction registers are given in Table 2. 


* The only exception 1s bit 1 of Port 2, which can either be data 
input or Timer output 


Table 2 Port and Data Direction Register Addresses 


Port Address 


$0002 
$0003 





Data Direction 
Register Address 


$0000 
$0001 








1/O Port 1 
1/O Port 2 


@ 1/0 Port 1 

This is an 8-bit port whose individual bits may be defined as 
inputs or outputs by the corresponding bit in its data direction 
register. The 8 output buffers have three-state capability, 
allowing them to enter a high impedance state when the 
peripheral data lines are used as inputs. In order to be read 
properly, the voltage on the input lines must be greater than 2.0 
V for a logic “1” and less than 0.8 V for a logic “0’’. As outputs, 
these lines are TTL compatible and may also be used as a source 
of up to 1 mA at 1.5 V to directly drive a Darlington base. After 
reset, the I/O lines are configured as inputs. 


@ 1/0 Port 2 
This port has five lines that may be defined as inputs or 


outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 


Che 


Data/Address 





—_——> 
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state when used as an input. In order to be read properly, the 
voltage on the input lines must be greater than 2.0 V for a 
logic “‘1”’ and less than 0.8 V for a logic “0”. As outputs, this 
port has no internal pullup resistors but will drive TTL inputs 
directly. For driving CMOS inputs, external pullup resistors are 


required. After reset, the 1/O lines are configured as inputs. 


Three pins on Port 2 (pin 8, 9 and 10 of the chip) are requested 
to set following values (Table 3) during reset. The values of 
above three pins during reset are latched into the three MSBs 
(Bit 5, 6 and 7) of Port 2 which are read only. 

Port 2 can be configured as I/O and provides access to the 
Serial Communications Interface and the Timer. Bit 1 is the 
only pin restricted to data input or Timer output. 


Table 3 The Values of three pins 


Pin Number Value 
8 L 
9 H 
10 L 
[NOTES] L; Logica! 0’ 
H; Logical ‘1°’ 


# BUS 
@ Data/Address Lines (Do/Ao ~ D7/A7) 

Since the data bus is multiplexed with the lower order 
address bus in Data/Address, latches are required to latch those 
address bits. The 74LS373 Transparent Octal D-type latch can 
be used with the HD6803 to latch the least significant address 
byte. Figure 11 shows how to connect the latch to the HD6803. 
The output control to the 74LS373 may be connected to 
ground. 


@ Address Lines (As ~ Ais) 

Each line is TTL compatible and can drive one TTL load and 
90 pF. After reset, these pins become output for upper order 
address lines (As to Ais). 


® INTERRUPT FLOWCHART 
The Interrupt flowchart is depicted in Figure 16 and is com- 
mon to every interrupt excluding reset. 


Function Table 


Address’ A, ~A, 





Data: D,~D, 


Figure 11 Latch Connection 
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= MEMORY MAP 


The MPU can provide up to 65k byte address space. A 
memory map is shown in Figure 12. The first 32 locations are 
reserved for the MPU’s internal register area, as shown in Table 
4 with exceptions as indicated. 


Table 4 Internal Register Area 
Register Address 
Port 1 Data Direction Register ** 00 
Port 2 Data Direction Register ** 01 
Port 1 Data Register 02 
Port 2 Data Register 03 
Not Used 04* 
Not Used 05* 
Not Used 06* 
Not Used 07° 
Timer Control and Status Register 08 
Counter (High Byte) 09 
Counter (Low Byte) OA 
Output Compare Register (High Byte) 0B 
Output Compare Register (Low Byte) oc 
Input Capture Register (High Byte) 00 
Input Capture Register (Low Byte) OE 
Not Used OF* 
Rate and Mode Control Register 10 
Transmit/Receive Control and Status Register 11 
Receive Data Register 12 
Transmit Data Register 13 
RAM Control Register 14 
Reserved 18-1F 


« External Address 
*# 1; Output, O; Input 


Multiplexed/RAM 


_enherremrrmnaer neers tha ae RNS RARE, 


“YY 
a 










Internal Registers 


$001 F 
External Memory Space 


$0080 
Internal RAM 


External Memory Space 


External interrupt Vectors 





SOOF F 


SFFFO 
SFFFF 


(NOTE} 
Excludes the following addresses which may 
be used externally. $04, $05, $06, $07, and 
SOF. 


Figure 12 HD6803 Memory Map 


@ PROGRAMMABLE TIMER 

The HD6803 contains an on-chip 16-bit programmable timer 
which may be used to measure an input waveform while inde- 
pendently generating an output waveform. Pulse widths for 
both input and output signals may vary from a few micro- 
seconds to many seconds. The timer hardware consists of 
* an 8-bit control and status register, 
¢ a 16-bit free running counter, 
¢ a 16-bit output compare register, 
¢ a 16-bit input capture register 
A block diagram of the timer registers is shown in Figure 13. 

@ Free Running Counter ($0009:$000A) 

The key element in the programmable timer is a 16-bit free 
running counter which is driven to increasing values by E (En- 
able). The counter value may be read by the CPU software at 
any time. The counter is cleared to zero by reset and may be 
considered a read-only register with one exception. Any CPU 
write to the counter’s address ($09) will always result in preset 
value of $FFF8 being loaded into the counter regardless of the 
value involved in the write. This preset figure is intended for 
testing operation of the part, but may be of value in some 
applications. 

@ Output Compare Register ($000B:$000C) 

The Output Compare Register is a 16-bit read/write register 
which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
the free running counter. When a match is found, a flag is set 
(OCF) in the Timer Control and Status Register (TCSR) and the 
current value of the Output Level bit (OLVL) in the TCSR is 
clocked to the Output Level Register. Providing the Data 
Direction Register for Port 2, Bit 1 contains a “1” (Output), 
the output level register value will appear on the pin for Port 2 
Bit 1. The values in the Output Compare Register and Output 
Level bit may then be changed to control the output level on 
the next compare value. The Output Compare Register is set to 
$SFFFF during reset. The Compare function is inhibited for 
one cycle following a write to the high byte of the Output 
Compare Register to insure a valid 16-bit value is in the register 
before a compare is made. 

@ Input Capture Register ($000D:$000E) 

The Input Capture Register is a 16-bit read-only register used 
to store the current value of the free running counter when the 
proper transition of an external input signal occurs. The input 
transition change required to trigger the counter transfer is 
controlled by the input Edge bit (IEDG) in the TCSR. The Data 
Direction Register bit for Port 2 Bit 0, should* be clear (zero) 
in order to gate in the external input signal to the edge detect 
unit in the timer. 

The input pulse width must be at least two E-cycles to 
ensure an input capture under all conditions. 


* With Port 2 Bit 0 configured as an output and set to “1”, the 
external input will still be seen by the edge detect unit. 
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Output 
Level 
Register 


Port 2 Port 2 


Figure 13 Block Diagram of Programmable Timer 


Timer Control and Status Register 


7 6 5 4 3 2 1 0 
fer [ocr [vor] we [oo] ror] woe ]oua] som 


© Timer Control and Status Register (TCSR) ($0008) 

The Timer Control and Status Register consists of an 8-bit 
register of which all 8 bits are readable but only the low order 5 
bits may be written. The upper three bits contain read-only 
timer status information and indicate the followings: 

*a proper transition has taken place on the input pin with a 
‘subsequent transfer of the current counter value to the 
input capture register. 

*a match has been found between the value in the free 
running counter and the output compare register, and 
when $0000 is in the free running counter. 

Each of the flags may be enabled onto the HD6803 internal 
bus (IRQ,) with an individual Enable bit in the TCSR. If the 
I-bit in the HD6803 Condition Code register has been cleared, a 
prior vectored interrupt will occur corresponding to the flag 
bit(s) set. A description for each bit follows: 

BitO OLVL Output Level — This value is clocked to the output 
level register on a successful output compare. If 
the DDR for Port 2 bit 1 is set. the value will 
appear on the output pin. 

Input Edge — This bit controls which transition of 
an input will trigger a transfer of the counter to 
the input capture register. The DDR for Port 2 Bit 
O must be clear for this function to operate. IEDG 
= 0 Transter takes place on a negative edge 
(“High"-to-"Low”™ transition). 

IEDG = | Transfer takes place on a positive edge 


Bit 1 1EDG 


Bit 2 ETOI 


Bit 3 EOC! 


Bit 4 EICI 


Bit 5 TOF 


Bit 6 OCF 


Bit 7 ICF 
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(“‘Low’’-to-“High”’ transition). 

Enable Timer Overflow Interrupt — When set, this 
bit enables [RQ, to occur on the internal bus for a 
TOF interrupt; when clear the interrupt is in- 
hibited. 

Enable Output Compare Interrupt — When set, 
this bit enables IRQ, to appear on the internal bus 
for an output compare interrupt; when clear the 
interrupt is inhibited. 

Enable input Capture Interrupt — When set, this 
bit enables [RQ, to occur on the internal bus for 
an input capture interrupt; when clear the inter- 
rupt is inhibited. 

Timer Overflow Flag — This read-only bit is set 
when the counter contains $FFFF. It is cleared by 
a read of the TCSR (with TOF set) followed by an 
CPU read of the Counter ($09). 

Output Compare Flag — This read-only bit 1s set 
when a match is found between the output 
compare register and the free running counter. It is 
cleared by a read of the TCSR (with OCF set) 
followed by an CPU write to the output compare 
register (SOB or SOC). 

Input Capture Flag — This read-only status bit is 
set by a proper transition on the input, it 1s cleared 
by a read of the TCSR (with ICF set) followed by 
an CPU read of the Input Capture Register (SOD). 
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@ SERIAL COMMUNICATIONS INTERFACE 

The HD6803 contains a full-duplex asynchronous serial 
communications interface (SCI) on chip. The controller 
comprises a transmitter and a receiver which operate independ- 
ently or each other but in the same data format and at the same 
data rate. Both transmitter and receiver communicate with the 
CPU via the data bus and with the outside world via pins 2, 3, 
and 4 of Port 2. The hardware, software, and registers are ex- 
plained in the following paragraphs. 


@ Wake-Up Feature 

In a typical multi-processor application, the software 
protocol will usually contain a destination address in the initial 
byte(s) of the message. In order to permit non-selected MPU’s 
to ignore the remainder of the message, a wake-up feature is 
included whereby all further interrupt processing may be 
optionally inhibited until the beginning of the next message. 
When the next message appears, the hardware re-enables (or 
“wakes-up”) for the next message. The “wake-up” is auto- 
matically triggered by a string of ten consecutive I’s which 
indicates an idle transmit line. The software protocol must 
provide for the short idle period between any two consecutive 
messages. 


© Programmable Options 

The following features of the HD6803 serial I/O section are 
programmable: 

- format — standard mark/space (NRZ) 

* Clock — external or internal 

* baud rate — one of 4 per given CPU @2 clock frequency or 

external clock x8 input 

* wake-up feature — enabled or disabled 

* Interrupt requests — enabled or masked individually for 

transmitter and receiver data registers 

*clock output — internal clock enabled or disabled to Port 

2 (Bit 2) 
* Port 2 (bits 3 and 4) — dedicated or not dedicated to serial 
I/O individually for transmitter and receiver. 
@ Serial Communications Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 14. The registers include: 

* an 8-bit control and status register 

* a 4-bit rate and mode control register (write only) 

* an 8-bit read only receive data register and 

* an 8-bit write only transmit data register. 

In addition to the four registers, the serial I/O section utilizes 
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of 
Port 2 is utilized if the internal-clock-out or external-clock-in 
options are selected. 


Transmit/Receive Control and Status (TRCS) Register 
The TRCS register consists of an 8-bit register of which all 8 
bits may be read while only bits O~4 may be written. The 


register 1s initialized to $20 by reset. The bits in the TRCS 
register are defined as follows: 


Port 2 


Bit O WU 


Bit 1 TE 


Bit 2 TIE 


Bit 3 RE 


Bit 4 RIE 








Bit 7 Rate and Mode Contro! Register Bn O 
Ef ot J cco | 551} ss0 J 10 


Transmit/Receive Control and Status Register 


roneJoneshrond| ror | re J me | re J wu Jo 


Recewe Oata Register 


Ae ee Re ee ee 


(Not Addressable) 





Recewe Shift Register 


Bit Rate 
Generator eraeeceeeers 


(Not Addressable) 


Transmit Shift Register _ 











Ee ee esd 


Transmit Data Register 


Figure 14 Serial 1/O Registers 


“Wake-up” on Next Message — set by HD6803 
software and cleared by hardware on receipt of 
ten consecutive 1’s or reset of RE flag. It should 
be noted that RE flag should be set in advance of 
CPU set of WU flag. 

Transmit Enable — set by HD6803 to produce 
preamble of nine consecutive I’s and to enable 
gating of transmitter output to Port 2, bit 4 
regardless of the DDR value corresponding to this 
bit; when clear, serial I/O has no effect on Port 2 
bit 4. 

TE set should be after at least one bit time of data 
transmit rate from the set-up of transmit data 
rate and mode. 

Transmit Interrupt Enable — when set, will permit 
an IRQ, interrupt to occur when bit 5 (TDRE) is 
set; when clear, the TDRE value is masked from 
the bus. 

Receiver Enable — when set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit: when clear, serial I/O has no effect on Port 2 
bit 3. 

Receiver Interrupt Enable — when set, will permit 
an IRQ, interrupt to occur when bit 7 (RDRF) or 
bit 6 (ORFE) 1s set; when clear, the interrupt is 
masked. 








Transmit/Receive Control and Status Register 





9. _5§ 4 ; 2 1 
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Bit 5 TORE Transmit Data Register Empty — set by hardware writing a new byte into the transmit data register, 
when a transfer is made from the transmit data TDRE is initialized to 1 by reset. 
register to the output shift register. The TDRE bit Bit6 ORFE Over-Run-Framing Error — set by hardware when 
is cleared by reading the status register, then an overrun or framing error occurs (receive only). 


Rate and Mode Control Register 


7 6 5 4 3 2 1 0 
eee ee 


ADOR : $0010 
An overrun is defined as a new byte received with * format 
last byte still in Data Register/Buffer. A framing * clocking source, 
error has occured when the byte boundaries in bit * Port 2 bit 2 configuration 
stream are not synchronized to bit counter. If The register consists of 4 bits all of which are write-only and 


WU-flag is set, the ORFE bit will not be set. The cleared by reset. The 4 bits in the register may be considered as 

ORFE bit is cleard by reading the status register, a pair of 2-bit fields. The two low order bits control the bit rate 

then reading the Receive Data Register, or by for internal clocking and the remaining twq bits control the 

reset. format and clock select logic. The register definition is as 
Bit 7 RORF Receiver Data Register Full-set by hardware when follows: 

a transfer from the input shift register to the Bit 0 SSO | Speed Select — These bits select the Baud rate for 

receiver data register is made. If WU-flag is set, the Bit 1 SS1j the internal clock. The four rates which may be 


RDRF bit will not be set. The RDRF bit is cleared selected are a function of the CPU ¢2 clock 
by reading the status register, then reading the frequency. Table 5 lists the available Baud rates. 
Receive Data Register, or by reset. Bit 2 CCO | Clock Control and Format Select — this 2-bit field 
Bit 3 CC1J controls the format and clock select logic. Table 6 
Rate and Mode Control Register (RMCR) defines the bit field. 


The Rate and Mode Control register controls the following 
serial 1/O variables: 
* Baud rate 


Table 5 SCI Bit Times and Rates 


TAL zasremna [| 4omma «(amis ana 








0 0 26 us/38,400 Baud 16 us/62,500 Baud 13.0 us/76,800 Baud 
0 1 208 us/4,800 Baud 128 us/7812.5 Baud 104.2 ys/9,600 Baud 
1 0 1.67 ms/600 Baud 1.024 ms/976.6 Baud 833.3 us/1,200 Baud 
1 1 6.67 ms/150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud 


“ HD6803-1 Only 
Table 6 SCi Format and Clock Source Control 


| Formar__| Clock Source | Port 2 Bit 2 Port 2Bit 3 





CC1: CCO Port 2 Bit 4 














00 ea 

01 internal Not Used oe ee 

10 Internal Output* oe 
External input 


* Clock output ts available regardiess of values for bits RE and TE 
** Bit 3 is used for serial input if RE = 1" in TRCS, bit 4 ts used for serial output if TE = 1" in TRCS. 


internally Generated Clock Externally Generated Clock 

If the user wishes for the serial 1/O to furnish a clock, the If the user wishes to provide an external clock for the serial 
following requirements are applicable: 1/0, the following requirements are applicable: 

¢the values of RE and TE are immaterial. *the CC], CCO, field in the Rate and Mode Control Register 

*CC1.CCO must be set to 10 must be set to 11, 

¢the maximum clock rate will be E - 16. *the external clock must be set to 8 times (x8) the desired 

«the clock will be at 1x the bit rate and will have a rising baud rate and 

edge at mid-bit. * the maximum external clock frequency is 1.0 MHz. 
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@ Serial Operations 
The serial I/O hardware should be initialized by the HD6803 
software prior to operation. This sequence will normally consist 
of; 
* writing the desired operation control bits to the Rate and 
Mode Control Register and 
* writing the desired operational control bits in the Transmit/ 
Receive Control and Status Register. 
The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 


Transmit Operations 

The transmit operation is enabled by the TE bit in the 
Transmit/Receive Control and Status Register. This bit when 
set, gates the output of the serial transmit shift register to Port 2 
Bit 4 and takes unconditional control over the Data Direction 
Register value for Port 2, Bit 4. 

Following a RES the user should configure both the Rate 
and Mode Control Register and the Transmit/Receive Control 
and Status Register for desired operation. Setting the TE bit 
during this procedure initiates the serial output by first 
transmitting a nine-bit preamble of 1’s. Following the preamble, 
internal synchronization is established and the transmitter 
section is ready for operation. 

At this point one of two situation exist: 

1) if the Transmit Data Register is empty (TDRE = 1), a 
continuous string of ones will be sent indicating an idle 
line, or, 

2) if data has been loaded into the Transmit Data Register 
(TDRE = 0), the word 1s transferred to the output shift 
register and transmission of the data word will begin. 

During the data transmit, the O start bit is first transmitted. 
Then the 8 data bits (beginning with bit 0) followed by the stop 
bit, are transmitted. When the Transmitter Data Register has 
been emptied, the hardware sets the TDRE flag bit. 

If the HD6803 fails to respond to the flag within the proper 
time, (TDRE is still set when the next normal transfer from the 
parallel data register to the serial output register should occur) 
then a 1 will be sent (instead of a 0) at “Start” bit time, 
followed by more 1’s until more data 1s supplied to the data 
register. No 0’s will be sent while TDRE remains a 1. 


Receive Operation 

The receive operation 1s enabled by the RE bit which gates in 
the serial input through Port 2,Bit 3. The receiver section 
operation 1s conditioned by the contents of the Transmit/ 
Receive Control and Status Register and the Rate and Mode 
Control Register. 

The receiver bit interval is divided into 8 sub-intervals for 
internal synchronization. In the NRZ Mode. the received bit 
stream is synchronized by the first 0 (space) encountered. 

The approximate center of each bit tme ts strobed during 
the next 10 bits. If the tenth bit 1s not a | (stop bit) a framing 
error 1s assumed, and bit ORFE 1: set. If the tenth bit as a 1, the 
data 1s transferred to the Receive Data Register, and interrupt 
flag RDRF 1s set. If RDRF is still set at the next tenth bit time, 
ORFE will be set, indicating an overrun has occurred. When the 
HD6803 responds to either flag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cleared. 


@ RAM CONTROL REGISTER 

This register, which 1s addressed at SOO14. gives status 
information about the standby RAM. A 0 in the RAM enable 
bit (RAME) will disable the standby RAM, thereby protecting 








it at power down if Vcc Standby is held greater than Vspp 
volts, as explained previously in the signal description for Vcc 
Standby. 


RAM Contro! Register 


STBY 


BitO Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 


Bit 6 RAME The RAM Enable contro! bit allows the user the 
ability to disable the standby RAM. This bit ts set 
to a logic “1° by RES which enables the standby 
RAM and can be written to one or zero under pro- 
gram control. When the RAM 1s disabled, data ts 
read from external memory. 

Bit 7STBY The Standby Power bit is cleared when the stand- 

PWR _ by voltage 1s removed. This bit 1s a read/write sta- 
tus flag that the user can read which indicates that 
the standby RAM voltage has been applied, and 
the data in the standby RAM 1s valid. 


@® GENERAL DESCRIPTION OF INSTRUCTION SET 
The HD6803 is upward object code compatible with the 
HD68G60 as it implements the full HMCS6800 instruction set. 
The execution times of key instructions have been reduced to 
increase throughout. In addition, new instructions have been 
added: these include 16-bit operations and a hardware multiply. 
Included in the instruction set section are the following: 
* CPU Programming Model—Figure 15. 
- Addressing modes 
* Accumulator and memory instructions — Table 7 
* New instructions 
* Index register and stack manipulations instructions — Table 
8 
* Jump and branch instructions — Table 9 
* Condition code register manipulation instructions — Table 10 
* Instructions Execution times in machine cycles — Table 
I} 
* Summary of cycle by cycle operation — Table 12 
* Summary of undefined instructions — Table 13 


@ CPU Programming Model 

The programming model for the HD6803 1s shown in Figure 
15. The double (D) accumulator 1s physically the same as the 
Accumulator A concatenated with the Accumulator B so that 
any operation using accumulator D will destroy information in 
A and B. 
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@ CPU Addressing Modes 

The HD6803 8-bit micro processing unit has seven address 
modes that can be used by a programmer, with the addressing 
mode a function of both the type of instruction and the coding 
Index Reguter (X) within the instruction. A summary of the addressing modes for 
a particular instruction can be found in Table 11 along with the 
associated instruction execution time that is given in machine 
cycles. With a clock frequency of 4 MHz, these times would be 
microseconds. 
Program Counter (PC) Accumulator (ACCX) Addressing 
In accumulator only addressing, either accumulator A or 


? 0 
HoOgOBuG Gsaciien Code Rieter (CCAl accumulator B is specified. These are one-byte instructions. 
Immediate Addressing 
eee hom hee In immediate addressing, the operand is contained in the 
Zero second byte of the instruction except LDS and LDX which have 


8-B:t Accumulators A and 6 
Or 16-8:1t Double Accumulator O 


Stack Pointer (SP) 





Negetive the operand in the second and third bytes of the instruction. 
interrupt 


Pe ee re The CPU addresses this location when it fetches the immediate 


instruction for execution. These are two or three-byte instruc- 
Figure 15 CPU Programming Model tions. 





© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 353 











HD6803, HD6803-1 


Table 7 Accumulator & Memory Instructions 





| | ; 
os ibe alcclouts |Grkel ele lacie la enles ta lah ele @laclelele:l ere ele lols se lObelaielepets we fos foo [oe [oo [o> 


(aes jo [-[-[-] [=f fo fo fo fo fo fe [|| ~ Jo joj (lO/O] ~ |@1@l@la |x |OOjOlc}a} « |e lx |x |e |e le] o/O/GO|O/Ol@ 
efa[ Nn [= [-[-/-T-[-le ye fe fe fel-r- [ [- [eT eT = Te] ee eff ee Te Te fof eT] 
Slol 2 [= -l-/-y- [=f fe fe fe TT [TJD TT eye pe Tf fe To Po Pe [J Fe ee 

“Te[ = Jelele[e[e[ee[e [ele lelelelele le Telefe lolelel « [elefefelolefelofelel « [ole le fo lole lolol fe |e] 


Condition Code 
(Continued) 





Boolean/ 
Arithmetic Operation 





A+M-A 
B+M-—B8B 





: | ale S<nl|2<o 
Az SS - 
sleet | Ty fel TT] ty iste] | fe) [ale] [efe> ew] dele] TT felel | [fet [ felelefef [ale] [ala 


wi m1~ qIic OfoO a) oOyrnI]N fo2) 
tT1/wW T/ Ww Tw Sans) ~” Slalale Yo) rs 





A B+M M+1+A B 
ary ae :_ 
A+M+C--A 
B+M+C-~-B8B 
—-A 
77 See A tt eine 
A 
"ihe =f) ok 
M 
B 
Converts binary add of BCD 
characters into BCD format 
A+1-A 
B 
M+1-B.M-A 
¥B -A B 
+M-A 
B+M— B 
A +Msp,SP-1 - SP 
B -- Msp, SP - 1 - SP 
SP +1—~-SP,Msp -A 
SP + 1- SP, Msp ~8B 





wv 
a 
= 


“Ce feletel [oletsisfelelet Tels el Cat TT eC felelel Cadet ee COPS 
w | iva wr! Ee 

SRR ES SEES eel ee ee : 

gL Jello folofelololo! | lle) 1) ITT} [1] fll] till -] ell {TTT tie is 


6 S{sfala| [slasisieisl || fsal TUT TT TT TT fell TT islal at [sist TTT TT TTT 
Pe felafol [afsfsfefelel TT Tafel CETTE Tr tele TT tefl o Tite PTT TTT Ts 


Addressing Modes 


after T 








ere eect ee Pace ee ee eee eee ec ale = 
8 || sis, | | ls SS oo 
| & 
| lelslelsjeli</tlelgel: 
x io 
| | 2/5 15 (1) 2) 212 |2/2 12/212 |2 
f te 
2 | | | < | 0 E 
‘gl > | | = nt we | e O 
Z sole 4 | | i Sie | c | | sleslzls | F E 
5 aise | | le teare 2 fje Ie fe 2(22/2/2 |g J: [3 le i 
; gis | iz | J& j§28 [2 | ele 2 iE 26a 18 jee oe |e 
& oe POSS ae as j@ (8S) as ) Es => whe eerVeslel =. 42° els : {o 
oD {Dido 2 - 2 16 6 clo 62 o{1¢ 2 15 sao loolza $ = ° io ic 
i < qiqi < < a 10 io Idoa}o oc 010 w £ Sq | 3aaisio a a rd x re 
| i | 
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Table 7 Accumulator & Memory Instructions (Continued) 


Accumulators 


Test Zero or 
Minus 









@ Bi> 
' ae 
8 >| o 


Addressing Modes gana rg . 
Overations TiMMED, [DIREGF | INDEX [EXTEND [IMPLIED] prithmercoreraron (214 13[2]' [0 
jor |~[+ [or |~|»[or |~[=]or |~ |= [or |~ |= BOOUUE 
Shift Left ASL PTET tt fete fa pete f tT ee DORBOE 
Pasa TTT TTT Te TT Peet} poor Fe ett ieh 
Fase | {|| {tt {[ {i [tele e’® DOBRO: 
ree Fs Bae EY for | | tee -arrararerae |= [+ || fo 
Left, Arithmetic A? AO 87 
snteriont =| asa | TT | | Jer fej2|ofels{ | | fm BOBBOR 
, masa ft TP] Td PL ee} Soo Peo 
Tasnes [| [|| {tT} {ll ftp re fe {s]t Olt 
Shift Fig TTT [lyefele ts felsy TT tn OBOE 
oe a JIT) [elo [alt Ole 
a Ga a BoOGHOR 
Pan eb ee (+ |] 
Right Logical a? AO 87 80 
Store ev [3 [2 [ar[a [2 fer [4 [at ° 
ee PP alcholpola eena F? CO Gat Ge eeeeeeaees CDICIEIC : 
ie | | | fools fefeo|s|2|rofs|s] | | [ether fe ft | || 
Accumulator . B+M+1 
Subtenct feo f2{2|oo]s|2{aol«|2jeo|«|s{ | | [a-m—a __—ife |e (s{s|s[s 
co [2 {2 fools |2[eo[4|2|ro|«|s| | | |e-m—8 efefetete is 
Double Subtract 43 [93 [5 |2|a3|e|2jesj6|3| | | |A.B-M:M+i~a:e [ele [s(t | [1 
= ETT Ti TTT dele b iaena Bggga 
Accumulators 
Subtract a2 heatretatalr ata Tot tceeees OOBoEE 
matnicetty re2 [2 {2 [oz|3 |2e2|4|2je2[4|3| | | [B-M-c—8 OOBDGE 
Transfer Oe ele lst [ale 
Ge a a a re fe] 
TT [ [fools l2 fofelst fT re fe 
PT TT PT feol2 Te oo 
PETE FF Is0 2 og 


as 
@ 

~ 
o 


The Condition Code Regisi*r notes are listed after Ta 


Direct Addressing 

In direct addressing. the address of the operand is contained 
in the second byte of the instruction. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine 
i.e., locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. In most configura- 
tions, it should be a random access memory. These are two-byte 
instructions. 
Extended Addressing 

In extended addressing. the address contained in the second 
byte of the instruction is used as the higher 8-bits of the address 
of the operand. The third byte of the instruction is used as the 
lower 8-its of the address for the operand. This 1s an absolute 
address in memory. These are three-byie instructions. 
Indexed Addressing 

In indexed addressing, the address contained in the second 
byte of the instruction is added to the index register’s lowest 


8-bits in the CPU. The carry is then added to the higher 
order 8-bits of the index register. This result is then used to 
address memory. The modified address is held in a temporary 
address register so there is no change to the index register. These 
are two-byte instructions. 
implied Addressing 

In the implied addressing mode the instruction gives the 
address (i.e., stack pointer, index register, etc.). These are 
one-byte instructions. 
Relative Addressing 

In relative addressing, the address contained in the second 
byte of the instruction is added to the program counter’s lowest 
8-bits plus two. The carry or borrow is then added to the high 
8-bits. This allows the user to address data within a range of 
-126 to +129 bytes of the present instruction. These are two- 
byte instructions. 
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@ New Instructions 
In addition to the existing 6800 Instruction Set, the following new instructions are 
incorporated in the HD6803 Microcomputer. 


ABX = Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account 
the possible carry out of the low order byte of the X-Register. 

ADDD Adds the double precision ACCD* to the double precision value M:M+1 and places 
the results in ACCD. 

ASLD Shifts all bits of ACCD one place to the left. Bit 0 is loaded with zero. The C bit is 
loaded from the most significant bit of ACCD. 

LOD Loads the contents of double precision memory location into the double 
accumulator A:B. The condition codes are set according to the data. 

LSRD Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit 
is loaded from the least significant bit to ACCD. 

MUL Miultiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a 
16-bit unsigned number in A:B, ACCA contains MSB of result. 

PSHX The contents of the index register 1s pushed onto the stack at the address contained 
in the stack pointer. The stack pointer 1s decremented by 2. 

PULX The index register is pulled from the stack beginning at the current address 
contained in the stack pointer +1. The stack pointer is incremented by 2 in total. 

STD Stores the contents of double accumulator A:B in memory. The contents of ACCD 
remain unchanged. 

SUBD Subtracts the contents of M:M + | from the contents of double accumulator AB 
and places the result in ACCD. 

BRN Never branches. If effect, this instruction can be considered a two byte NOP (No 
operation) requiring three cycles for execution. 

CPX Internal processing modified to permit its use with any conditional branch 1n- 
struction. 


*ACCD' 1s the 16 bit register (A B) formed by concatenating the A and B accumulators The A-accumu- 
lator is the most significant byte. 


Table 8 Index Register and Stack Manipulation Instructions 






Addressing Modes Condition Code 





prx=x feel feels 
e 


3C X_ ~My, SP-1— SP ° 


SP +1 SP, My, > XH ere 


p 0 Boolean/ Agee an 
sinter perene DIRECT | INDEX | EXTND {IMPLIED | Arithmetic Operation 0 
Tor [= [efor [= [efor [= T=) wiz [ve 
Compare Index Reg 8 gc |5|2 |ac|6| 2 |Bc 6 {3 | efryr]ala 

Decrement Index Reg | || Pees] | 7 
Decrement Stack Pair | | ” Rad ® 

Increment Index Reg — Pah | @ | 7 
Increment Stack Pntr P| P| Rel |] [34 | fe felele 
“ow inden eg ela 2 [ee ele re say OBuE 
(ood Stack Pt ae [313 ]9e [4 ]2|ae|s|2 ee] s] 3] — PGC 
Sov Index ep PTT forfateteelstelee(s 31 — pogue 
Store Sack Prt ar [ele tar[s lz lerte[s} [sw sh = won tole ROL RS 
eS GO 
Stack Pntr + Index Reg! TSX P| eile ae Bees SP +1 X ) pejelesele| e 

a SP oe ete 


Push Data | PSHX 
Pull Data PULX Ld 


The Condition Code Register notes are listed after Table 10 
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Table 9 Jump and Branch instructions 





Addressing Modes ai Lom 
Operations fRevative | oinect | index [extn [impried | Branch Test = is Tal 3 lalilo 
pop| ~ | # |op | ~ | # jop|~ | # {op |~ |# |op|~| # | Hy tin {zivic 
Branch Always | BRA f2o/3i2] | | | tT tt tT TT fT | None fe loteolelele 
Branch Never | eran fat3i2} | | | |} | | tT | TT [None fe lelelelele 
Branch If Carry Clear | acc [24] 3/2] | | | | | | | | | | | fe-o  [elelelelele 
Branch WCarryset_| ecs |25/3j2/ | | | ||] ||] |] |e=-1 Jelelelelete 
Branch if=Zero = ||_—BeQ = f27/3i2{ [ | | | | | | | tT | [| fz=1  felelelelele 
Branch If > Zero | BGE_—s [ac] 3/2] | | | | | | | | | | | [Nn@veo  lelelelelele 
Branch If >Zero | ect [2e/3{2{] | | | | | | | | | | | [2+in@vw-0  [elelelelele 
Branch if Higher | BHI | 22/3/2/ | | | | | | | | | | | [erz-o  jelelelelele 
Granchif< zero | ete |2F/3i2;_| | | 11] ||] || lz+wow-t  |elelelelele 
ead Oc 30 
Same 
Branch If < Zero ar = f2o;3j27 | | | TT | ct tT] tT] [N@ve1 felelelelele 
Branch itMinus | ami = [28 3/2{ {| | | | | | | [| | | [Net [efelelelele 
scree Te fooled eb 
Zero 
aie oe oc 2 
__Branch if Overflow Set] svs  |[29/3i2/ [ | [ | Tt oT ty yy [vas fe [ele le lele 
Branch If Plus ep. jzataj2{/ | | | | | | | | | | | [Neo jo |e |e |e je le 
Branch To Subroutine | esa _|aoj6j2|_| | {||| |||] 1]_ goood 
Jump a Oe Ee ejete jelele 
Jump To Subroutine | JsR_ | | | [90 [8 [2 [Adje [2 Bol6 |3| | | | je [e je je [ele 
woownen fm 1 TT til til | fe ep me lll Ff 
Return From Interrupt] RTI eb bee te pene ae gee Ota. | 2 8 
Subroutine Ae oe BBGGoE 
Subroutine 
Software interrupt =| swi | | | fT | | | | fT 8 fata je |S |e |e |e |e 
LWaitforinterupt | war || TT tT | EE Tse fe ft je Ole |e [e[e 


Table10 Condition Code Register Manipulation Instructions 


A ddressingMode | = | Condition Code Register 
Operations IMPLIED Boolean Operation fs{4]3]}2] 1) 0 


Clear Carry er ae ke ee ee ee 
Clear Interrupt Mask Cul a a ee Ee 
Clear Overflow ee 
Set Carry psec oo ta ta Tt let eo le ls 
Set Interrupt Mask er a ce ee a es 2 Ce ae 
Set Overflow P sev Pop a2 a Tv fe eels le 
Accumulator A>ccR [| Tap op P22 fa | A CCR | ©) —— 
CCR AccumulatorA [tea fom [2 [sf ccna Te Te Tote fe Le 


Candition Code Register Notes: (Bit set it test is true and cleared otherwise) 


(Bit V) Test. Result = 10000000? 

(Bit C) Test Result s OOO000007 

(Bit C) Test Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set) 
(Bit V) Test. Operand = 10000000 prior to execution? 

(Bit V) Test Operand = 01111111 prior to execution? 

(Bit V) Test: Set equal to result of N@ C after shift has occurred. 

(BitN) Test: Result less than zero? (Bit 15 = 1) 

(All) Load Condition Code Register from Stack. (See Special Operations) 

(Bit 1) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state. 
(All) Set according to the contents of Accumulator A 

(Bit C) Set equal to result of Bit 7 (ACCB) 
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Instruction Execution Times in Machine Cycle 


Table 11 


Ex. In- Iim- Re- 
Direct tended dexed plied lative 


Imme- 
diate 


ACCX 


Re- 
lative 


im- 


Ex- tn- 
Direct tended dexed plied 


Imme- 
diate 


ACCX 


INX 


ABA 
ABX 
ADC 
ADD 


JMP 
JSR 


LOA 


LOO 
LOS 


ADDD 
AND 
ASL 


LOX 
LSR 


ASLD 
ASR 
BCC 
BCS 


LSRO 
MUL 
NEG 
NOP 


10 


BEQ 
BGE 


ORA 
PSH 


BGT 
BHI 
BIT 


PSHX e 


PUL 


3 


PULX 


BLE 
BLS 
BLT 
BMI 
BNE 
BPL 


ROL 
ROR 
RTI 


10 


RTS 
SBA 


SBC 


BRA 
BRN 
BSR 


SEC 
SE! 


SEV 


BVC 
BVS 
CBA 
CLC 
Cll 


STA 


STO 
STS 


STX 


suB 


CLR 
CLV 


SUBD 
SWI 


12 


CMP 


TAB 
TAP 
TBA 
TPA 
TST 
TSX 


COM 
CPX 


DAA 
DEC 
DES 


DEX 
EOR 
INC 


TXS 
WAI 


INS 
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e@ Summary of Cycle by Cycle Operation control program is executed. The information 1s categorized in 
Table 12 provides a detailed description of the information groups according to addressing mode and number of cycles per 

present on the Address Bus, Data Bus, and the Read/Write line instruction. (In general, instructions with the same addressing 

(R/W) during each cycle for each instruction. mode and number of cycles execute in the same manner: ex- 
This information is useful in comparing actual with expected ceptions are indicated in the table). 


Address Mode & 
Instructions 


IMMEDIATE 


AOC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


LDS 
LDX 
LOD 


CPX 
SUBD 
ADDD 


DIRECT 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


STA 


LOS 
LOX 
LODO 


STS 
STX 
STD 


CPX 
suBD 
AOD0D 


JSR 


results during debug of both software and hardware as the 


Table 12 Cycle by Cycle Operation 


Cycle R/W 


Op Code 
Operand Data 


Op Code Address 
Op Code Address + 1 








Op Code 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address Bus FFFF 


















Op Code Address 
Op Code Address + 1 
Address of Operand 


Op Code 
Address of Operand 
Operand Data 








Op Code 
Destination Address 
Data from Accumulator 


Op Code 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 

Address of Operand 

Register Data (High Order Byte) 
Register Data (Low Crder Byte) 


Op Code 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Op Code 

Irrelevant Data 

First Subroutine Op Code 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 


(Continued) 


Op Code Address 
Op Code Address + 1 
Destination Address 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Operand Address + 1 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Address of Operand + 1 


Op Code Address 
Op Code Address + 1 
Operand Address 

Operand Address + 1 
Address Bus FFFF 


Op Code Address 
Op Code Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer + 1 
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Table 12 Cycle by Cycle Operation (Continued) 





Address Mode & 
Instructions 











































INDEXED 
JMP Op Code Address 
Op Code Address + 1 
Address Bus FF FF 
ADC EOR Op Code Address 
ADD LDA Op Code Address + 1 
AND ORA Address Bus FF FF 
BIT SBC Index Register Plus Offset 
CMP SUB 
STA Op Code Address 
Op Code Address + 1 
Address Bus FF FF 
Index Register Plus Offset 
LOS Op Code Address 
LOX Op Code Address + 1 
LDD Address Bus FFFF 
LDD Index Register Plus Offset 
Index Register Plus Offset + 1 
STS Op Code Address 
STX Op Code Address + 1 
STD Address Bus FF FF 
Index Register Plus Offset 
Index Register Plus Offset + 1 
ASL LSR 1 Op Code Address 
ASR NEG 2 Op Code Address + 1 
CLR ROL 3 Address Bus FFFF 
COM ROR 4 Index Register Plus Offset 
DEC TST* 5 Address Bus FFFF 
INC 6 index Register Plus Offset 
CPX Op Code Address 
SUBD Op Code Address + 1 
ADDD Address Bus FF FF 
Index Register + Offset 
Index Register + Offset + 1 
Address Bus FFFF 
JSR 1 Op Code Address 
2 Op Code Address + 1 
3 Address Bus FFFF 
4 Index Register + Offset 
5 Stack Pointer 
6 Stack Pointer - 1 





* In the TST instruction, R/W line of the sixth cycle is ‘’1"’ level, and AB = FFFF, OB = Low Byte of Reset Vector. 
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Data Bus 





Op Code 
Offset 
Low Byte of Restart Vector 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 

Offset 

Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector 
New Operand Data 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Op Code 

Offset 

Low Byte of Restart Vector 

First Subroutine Op Code 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 





(Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 


Address Mode & Cycle RAW Sewer 
Instructions Address Bus Data Bus 















EXTENDED 

JMP Op Code Address Op Code 
Op Code Address + 1 Jump Address (High Order Byte) 
Op Code Address + 2 Jump Address (Low Order Byte) 

ADC EOR Op Code Address 1 Op Code 

ADD LDA Op Code Address + 1 1 Address of Operand (High Order Byte) 

AND ORA Op Code Address + 2 1 Address of Operand (Low Order Byte) 

BIT SBC Address of Operand 1 Operand Data 

CMP SUB 

STA Op Code Address 1 Op Code 
Op Code Address + 1 1 Destination Address (High Order Byte) 
Op Code Address + 2 1 Destination Address (Low Order Byte) 
Operand Destination Address 0 Data from Accumulator 

LOS Op Code Address Op Code 

LDX Op Code Address + 1 Address of Operand (High Order Byte) 

LDD Op Code Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Operand Data (High Order Byte) 
Address of Operand + 1 Operand Data (Low Order Byte) 

STS Op Code Address Op Code 

STX Op Code Address + 1 Address of Operand (High Order Byte) 

STD Op Code Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Operand Data (High Order Byte) 
Address of Operand + 1 Operand Data (Low Order Byte) 

ASL LSR Op Code Address Op Code 

ASR NEG Op Code Address + 1 Address of Operand (High Order Byte) 

CLR ROL Op Code Address + 2 Address of Operand (Low Order Byte) 

COM ROR Address of Operand Current Operand Data 

DEC TST" Address Bus FFFF Low Byte of Restart Vector 

INC Address of Operand New Operand Data 

CPX Op Code Address Op Code 

SUBD Op Code Address + 1 Operand Address (High Order Byte) 

ADDD Op Code Address + 2 Operand Address (Low Order Byte) 
Operand Address Operand Data (High Order Byte) 
Operand Address + 1 Operand Data (Low Order Byte) 
Address Bus FFFF Low Byte of Restart Vector 

JSR Op Code Address Op Code 
Op Code Address + 1 Address of Subroutine (High Order Byte) 
Op Code Address + 2 Address of Subroutine (Low Order Byte) 
Subroutine Starting Address Op Code of Next Instruction 
Stack Pointer Return Address (Low Order Byte) 
Stack Pointer - 1 Return Address (High Order Byte) 

* In the TST instruction, R/W line of the sixth cycle is “1” level, and AB = FFFF, OB = Low Byte of Reset Vector (Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 







Address Mode & 
Instructions 





Data Bus 








































































IMPLIED 
ABA DAA SEC Op Code Address Op Code 
ASL DEC SEI Op Code Address + 1 Op Code of Next Instruction 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA | 
CLR ROL TPA 
CLV ROR TST 
COM SBA 
ABX Op Code Address Op Code 
Op Code Address + 1 ai Irrelevant Data 
Address Bus FFFF Low Byte of Restart Vector 
ASLD Op Code Address Op Code 
LSRD ry Op Code Address + 1 a Irrelevant Data 
| Address Bus FF FF Low Byte of Restart Vector 
DES Op Code Address Op Code 
INS Op Code Address + 1 Op Code of Next Instruction 
ensend Previous Register Contents Irrelevant Data 
INX Op Code Address | Op Code 
DEX Op Code Address + 1 Op Code of Next Instruction 
P| a Address Bus F FFF ey Low Byte of Restart Vector 
PSHA Op Code Address Op Code 
PSHB Op Code Address + 1 Op Code of Next Instruction 
Stack Pointer Accumulator Data 
TSX Op Code Address Op Code 
Op Code Address + 1 Op Code of Next Instruction 
Stack Pointer Irrelevant Data 
TXS Op Code Address Op Code 
Op Code Address + 1 Op Code of Next Instruction 
Address Bus FFFF Low Byte of Restart Vector 
PULA Op Code Address Op Code 
PULB Op Code Address + 1 Op Code of Next Instruction 
Stack Pointer Irrelevant Data 
Stack Pointer + 1 Operand Data from Stack 
PSHX Op Code Address Op Code 
Op Code Address + 1 Irrelevant Data 
Stack Pointer Index Register (Low Order Byte) 
ee ote oe Stack Pointer - 1 Index Register (High Order Byte) 
PULX Op Code Address Op Code 
Op Code Address + 1 Irrelevant Data 
Stack Pointer Irrelevant Data 
Stack Pointer + 1 Index Register (High Order Byte) 
Stack Pointer +2 Index Register (Low Order Byte) 
RTS Op Code Address Op Code 
Op Code Address + 1 Irrelevant Data 
| Stack Pointer Irrelevant Data 
| Stack Pointer + 1 Address of Next Instruction 
| (High Order Byte) 
Stack Pointer + 2 Address of Next Instruction 
(Low Order Byte) 
WAI"* Op Code Address Op Code 
Op Code Address + 1 Op Code of Next Instruction 
Stack Pointer Return Address (Low Order Byte} 
Stack Pointer — 1 Return Address (High Order Byte) 


(Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 





























































hs = 
WAI** 5 Stack Pointer — 2 0 Index Register (Low Order Byte) 
6 Stack Pointer — 3 0 Index Register (High Order Byte) 
7 Stack Pointer — 4 0 Contents of Accumulator A 
8 Stack Pointer — 5 0 Contents of Accumulator B 
9 Stack Pointer — 6 0 Contents of Cond. Code Register 
MUL 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Address Bus FFFF 1 Low Byte of Restart Vector 
4 Address Bus FFFF 1 Low Byte of Restart Vector 
5 Address Bus FF FF 1 Low Byte of Restart Vector 
6 Address Bus FF FF 1 Low Byte of Restart Vector 
7 Address Bus FF FF 1 Low Byte of Restart Vector 
8 Address Bus FFFF 1 Low Byte of Restart Vector 
9 Address Bus FFFF 1 Low Byte of Restart Vector 
0 Address Bus FFFF 1 Low Byte of Restart Vector 
RTI 1 Op Code Address Op Code 
2 Op Code Address + 1 Irrelevant Data 
3 Stack Pointer Irrelevant Data 
4 Stack Pointer + 1 Contents of Cond. Code Reg. 
from Stack 
Stack Pointer + 2 Contents of Accumulator B 
from Stack 
Stack Pointer + 3 Contents of Accumulator A 
from Stack 
Stack Pointer + 4 Index Register from Stack 
(High Order Byte) 
Stack Pointer + 5 Index Register from Stack 
(Low Order Byte) 
Stack Pointer + 6 Next Instruction Address from 
Stack (High Order Byte) 
Stack Pointer + 7 Next Instruction Address from 
Stack (Low Order Byte) 
Swi 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Stack Pointer 0 Return Address (Low Order Byte) 
4 Stack Pointer — 1 0 Return Address (High Order Byte) 
5 Stack Pointer — 2 0 Index Register (Low Order Byte) 
6 Stack Pointer — 3 0 Index Register (High Order Byte) 
7 Stack Pointer — 4 0 Contents of Accumulator A 
8 Stack Pointer — 5 0 Contents of Accumulator B 
9 Stack Pointer — 6 0 Contents of Cond. Code Register 
10 Stack Pointer — 7 1 Irrelevant Data 
11 Vector Address FFFA (Hex) 1 Address of Subroutine 
(High Order Byte) 
12 Vector Address FF FB (Hex) 1 Address of Subroutine 
(Low Order Byte) 





(Continued) 


*° While the MPU is in the “Wait” state, its bus state will appear as a series of MPU reads of an address which ts seven locations less than the 
Original contents of the Stack Pointer. Contrary to the HO6800, none of the ports are driven to the high impedance state by a WAI 
instruction. 
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Table 12 Cycle by Cycle Operation (Continued) 
RELATIVE 


Address Mode & | Cycle R/W | 












BCC BHT BNE Op Code Address Op Code 

BCS BLE BPL Op Code Address + 1 Branch Offset 

BEQ BLS BRA Address Bus FF FF Low Byte of Restart Vector 

BGE BLT BVC 

BGT BMT BVS 

BRN 

BSR Op Code Address Op Code 
Op Code Address + 1 Branch Offset 
Address Bus FF FF Low Byte of Restart Vector 
Subroutine Starting Address Op Code of Next Instruction 
Stack Pointer Return Address (Low Order Byte) 
Stack Pointer — 1 Return Address (High Order Byte) 

@ Summary of Undefined Instruction Operations When the op codes (4E, SE) are used to execute. the MPU 


The HD6803 has 36 underfined instructions. When these are continues to increase the program counter and it will not stop 


carried out, the contents of Register and Memory in MPU until the Reset signal enters. These op codes are used to test the 
change at random. LSI. 


Table 13 Op codes Map 





HD6803 MICROPROCESSOR INSTRUCTIONS 












p 
CODE 


ie 















tage soot fare | en [1011] 1100 | 1101 [1110] 1911 
ee ae ee (6 | 7] 8 | (Bi clolvelr 
|0000 | 0 | ~~" | sea | BRA| TSX 8 ___ 3 -____+ 
fooo1 =| 1 {| NOP | cea} BRN] INS | CMP a 
Oe s8c aE 
poor | 3 | es [PUL (+1) | *__ SUBD (+2) Sa _ AODD (+2) 
joo | 4 | usRotn| | ecc| oes | tsk AND _ | 
foror | 5 | asvoi+n| | ecs | otxs | BIT | 
foro | 6 | _tar_[ tas [ene | Pswa [ROR LOA 

ne ree ere occa | ae ee a 

| 1000 | a | INX(+1) | -~ | eve [puLxiv2i] ASL 

} 1001 =| 9 | DEX (+1) | DAA | BVS | RTS (+2) ROL ADC 

poi | AL ocuv | [em | vax | eC ORA 

pian [et sev | apay em | atiter) | AD 
risoo |e [cue ace [rsuxcenl we S*dYC ee C«YSC 
juror fol sec | “jaur{ men] rst Pep | 25h (2 
fio fe] cu [-~Jecr | wari | s+ | wets) | + costo | + toxen | 
fay Te] ser |] ace | swiieoy CLR 

28 | 18 ia | v6 we] 22 | 2 | 2 [3 Eg 





{NOTES) 1) Undefined Op codes are marked with L_—__]. 


2) ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 


3) The instructions shown below are all 3 bytes and are marked with “°"’. 


Immediate addressing mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes 
(8F, CD, CF). 


4) The Op codes (4E, 5E) are 1 byte/~ cycles instructions, and are marked with ‘“**”’ 
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Condition Code Register 


Figure 16 Interrupt Flowchart 





WAI 


*SCI = TIE*TORE + RIE*-(RORF + ORFE) 


Vector > PC 


NMI | FFFC FFFD | Non-Maskable Interrupt 
| SWi | FFFA FFFB | 


Software Interrupt 

| tRO, | FFFSFFFO | Maskable Interrupt Request 1 
r ICF | FEFG FFF? | Input Capture Interrupt 
Output Compare Interrupt 
Timer Overflow Interrupt 


SCI Interrupt (TORE + RORF + ORFE) 
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Address 
Strobe 
; = 





Address Bus Data Bus 
Figure 17 HD6803 MPU Expanded Multiplexed Bus 


® Caution for the HD6803 Family SCI, TIMER Status Fleg To clear the flag correctly, take the following procedure: 
The flags shown in Table 14 are cleared by reading/writing 1. Read the status register. 

(flag reset condition 2) the data register corresponding to each 2. Test the flag. 

flag after reading the status register (flag reset condition 1). 3. Read the data register. 


Table 14 Status Flag Reset Conditions 


Flag Reset Condition 1 Flag Reset Condition 2 
Status Flag (Status Register) a ae (Data Register) 








When each flag is ‘1’, SP 
TRCSR/Read 
TOF TC/Read 


When each flag is ‘1’, RDOR/Read 


TRCSR/Read preennnetc ———= 
TDR/Write 
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MPU (Micro Processing Unit) 


The HD6809 is a revolutionary high performance 8-bit HD6809P. HD68A09P. HD68B09P 
microprocessor which supports modern programming tech- ’ : 
niques such as position independence, reentrancy, and modular 
programming. 

This third-generation addition to the HMCS6800 family has 
major architectural improvements which include additional 
registers, instructions and addressing modes. 

The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6809 has 
the most complete set of addressing modes available on any 
8-bit microprocessor today. 

The HD6809 has hardware and software features which make 
it an ideal processor for higher level language execution or 
standard controller applications. 


HD6800 COMPATIBLE 
@ Hardware — Interfaces with All HMCS6800 Peripherals 


@ Software — Upward Source Code Compatible Instruc- 
tion Set and Addressing Modes 


® ARCHITECTURAL FEATURES 

© Two 16-bit Index Registers 

@ Two 16-bit indexable Stack Pointers 

@ Two 8-bit Accumulators can be Concatenated to Form : 
One 16-Bit Accumulator ‘ HD6809 

@ Direct Page Register Allows Direct Addressing Through- A, 
out Memory A, 

A, 

® HARDWARE FEATURES A, 

@ On Chip Oscillator A, 

© DMA/BREO Allows DMA Operation or Memory Refresh 7 

@ Fast Interrupt Request Input Stacks Only Condition A. 
Code Register and Program Counter A 





@ MRDY Input Extends Data Access Times for Use With 
Slow Memory (Top View) 

@ Interrupt Acknowledge Output Allows Vectoring By 
Devices 

@ SYNC Acknowledge Output Allows for Synchronization 
to External Event 

@ Single Bus-Cycle RESET 

@ Single 5Voit Supply Operation 

@ NMI Blocked After RESET Until After First Load of 
Stack Pointer 

@ Early Address Valid Allows Use With Slower Memories 

@ Early Write-Data for Dynamic Memories 


© Compatible with MC6809, MC68A09 and MC68B09 


« SOFTWARE FEATURES 


® 10 Addressing Modes 
¢ HMCS6800 Upward Compatible Addressing Modes 


- Direct Addressing Anywhere in Memory Map 
* Long Relative Branches 

+ Program Counter Relative 

* True Indirect Addressing 

* Expanded Indexed Addressing: 
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368 


0, 5, 8, or 16-bit Constant Offsets 

8, or 16-bit Accumulator Offsets 

Auto-Increment/Decrement by 1 or 2 
Improved Stack Manipulation 


1464 Instructions with Unique Addressing Modes 


8 x 8 Unsigned Multiply 
16-bit Arithmetic 


TransferfE xchange All Registers 


Push/Pull Any Registers or Any Set of Registers 


Load Effective Address 


BLOCK DIAGRAM 





+-¢-— Vcc 


POST 


Interrupt 
Control 


Bus 
Control 


Timing 
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RES 
Ni 


FIRG 
TRO 


DMA/BREQ 


R/W 


HALT 
BA 

BS 
XTAL 
EXTAL 
MRDY 
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® ABSOLUTE MAXIMUM RATINGS 


Item Value Unit 
Supply Voltage cc’ -0.3 ~ +7.0 V 
Input Voltage ees ae -0.3 ~ +7.0 = 
Operating Temperature 
Storage Temperature °C 


* With respect to Vgg (SYSTEM GND) 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended cperating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


< 


+ 


® RECOMMENDED OPERATING CONDITIONS 


item [___Symbol_——~( min] typ | max | Uni 
Supply Voltage Vec" | 4.75 | 5.0 | 5.25 | V 
Vi" | 703 | - | 08 | v 

ai 





Input Voltage Vig* 
iH (Ta= 20 ~ 0°C) 


Operating Temperature 


* With respect to Vsgg (SYSTEM GND) 





® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc =5V+5%, Vss = OV, Ta = -20~+75°C, unless otherwise noted.) 


HD6809 HD68A09 HD68B09 
Item Symbol Test Condition a Unit 
Ttyp*| max | min] typ*| max | min [typ*] max | 





ie Pta=o~e7s' | 20[ - [Vee {201 - Tec [20] — [Vee] 
Input “High” Voltage zm | Ta=-20~0°C [ 22 | - | Voc | 22] = [Veo] 22[ - | Vee | v 
|" seen sae 
input “Low” Voltage Pv | Ci os | = [os [oat - [os |-os[—T os [Tv 
ac ig CM re Rt BEES 
Three State (Off State) D.~D, [| Vin=o.a~2av, [ -10[ — | 10 [-10[ = [10 [-10 | -T 10 | 
gidnlentaitalh Mow As RIW Vecwmax _[-100[ — | 100 |-100/ — | 100] -100| — [100] 
] LOA D7-205nA, 
own neve [RETR] voy (tere aal | - [eal -|- |e] -| - | v 
Vege eae ee eae 
Voec=min 
Output “Low” Voltage Wor [toaomma | - | -|o5|-|-|[os|-|-[os |v 
Power Dissipation em ear a 
pe Hi ee gs Paes T= ois = ops 
| - | 7] 10] -~| 7] 10; - | 7] 10 | 
cement |B | om SEQSSOREkc 


*Ta=25°C, Voo=5V 
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@ AC CHARACTERISTICS (Vcc =5Vt5%, Vgs = OV, Ta = -20~+75 °C, unless otherwise noted.) 
1. CLOCK TIMING 


x 
S 
8 
x 
: 
r) 


HD68A09 


Item Unit 


Frequency of Operation 
(Crystal or External Input) 


= 
» 
N 


Cycle Time 


ele | 


& 
o 
ot 
< 
a on 
~~ ~J 
S o g 
o o 


Total Up Time 


~s 
on 
~ 
) 


Processor Clock ‘’High’”’ 
Processor Clock *’Low’’ ns 
E Rise and Fall Time ns 
ELow to Qnigh Time ns 
Q Clock “High” 
Q Clock “Low” 


Q Rise and Fall Time 


ns 
ns 
ns 


Qrow to E Falling ns 





+ 
< 
o 
~ 
ot 
< 


oa 
~ 
o 
co) 


2. BUS TIMING 


ce HD6809 HD68A HD68B09 a 
|_min | typ typ [max _| 
Address Delay | tap | | 110 | ns 
Address Valid to Qyigh | tag | | — | ons 
Peripheral Read Access Time 
(tut—tap—tosr=tacc) =| das 
Data Set Up Time (Read) | | = | ons 


Input Data Hold Time 


Fig. 2, Fig. 3 
Address Hold Time | A,~A,,, R/W Ta=0~+75°C 
Fig. 2, Fig. 3 
Ta=-20~0°C 


ns 





ns 


ns 
ns 


ns 


Data Delay Time (Write) I 
Tan+78 C 


Fig. 3 
Ta=-20~0°C 


Output Hold Time 


< 
S 


ns 


3. PROCESSOR CONTROL TIMING 


- symbol | Tere Condon | HD6809 HD6BAGa | HDesBOg | 
MRDY Set Up Time | tpcsm. ~betetstere eae ns 
ee — rie eee ae mt 
Set Up Time | tpcsa| Fig. 6~Fig. 10 |_200_ | 140 | | - | ns 
DMA/BREQ Set Up Time | tpesp | Fig. 14, Fig. 15 | 125 | | 125 | | — | ns 
Processor Control Rise and Fall Time Le ) = | } 100 | ns 
Crystal Oscillator Start Time et | = | | | | 30 | ms 
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5.0V 
Rv = 18k2 
Test Point 
Cc R 


HD6809, HD68A09, HD68B09 


-C= 30pF (BA, BS) 
130pF (D, ~ D,,E£,Q) 
90pF (A, ~ A,,, R/W) 
“R= 11k2 (D, ~D,) = 
16k2 (A, ~ A,,,E, O, R/W) 
24k2. (BA, BS) 


All diodes are 182074 or equivalent. 
C includes Stray Capacitance. 


Figure 1 Bus Timing Test Load 


teye 


ADOR 
BA, BS° 


Oate 


QQ Not Valid 





[as 
INS 


tonn 


*Hold time for BA, BS not specified. 


Figure 2 Read Data from Memory or Peripherals 


QQ Not Valid 


“Hold time for BA, BS not specified. 





Figure 3 Write Data to Memory or Peripherals 


® PROGRAMMING MODEL 

As shown in Figure 4, the HD6809 adds three registers to the 
set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second Index 
Register. 


e Accumulators (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation of 
data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 


register, and is formed with the A register as the most significant 
byte. 


@ Direct Page Register (DP) 

The Direct Page Register of the HD6809 serves to enhance 
the Direct Addressing Mode. The content of this register appears 
at the higher address outputs (Ag ~A; 5) during Direct Address- 
ing Instruction execution. This allows the direct mode to be 
used at any place in memory, under program control. To ensure 
HD6800 compatibility, all bits of this register are cleared during 
Processor Reset. 
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@ Index Registers (X, Y) 

The Index Registers are used in indexed mode of addressing. 
The 16-bit address in this register takes part in the calculation of 
effective addresses. This address may be used to point to data 
directly or may be modified by an optional constant or register 


15 









offset. During some indexed modes, the contents of the index 
register are incremented or decremented to point to the next 
item of tabular type data. All four pointer registers (X, Y, U, S) 
may be used as index registers. 







Pointer Registers 











Program Counter 


Accumulators 


Ne ee ee 
D 


7 


7 


0 
Direct Page Register 


0 
lef{F{H{iini{z{v| Cc CC — Condition Code Register 


Figure 4 Programming Model of The Microprocessing Unit 


@ Stack Pointer (U, S) 

The Hardware Stack Pointer (S) is used automatically by the 
processor during subroutine calls and interrupts. The stack 
pointers of the HD6809 point to the top of the stack, in 
contrast to the HD6800 stack pointer, which pointed to the 
next free location on the stack. The User Stack Pointer (U) is 
controlled exclusively by the programmer thus allowing argu- 
ments to be passed to and from subroutines with ease. Both 
Stack Pointers have the same indexed mode addressing capabil- 
ities as the X and Y registers, but also support Push and Pull 
instructions. This allows the HD6809 to be used efficiently as a 
stack processor, greatly enhancing its ability to support higher 
level languages and modular programming. 


@ Program Counter 

The Program Counter is used by the processor to point to the 
address of the next instruction to be executed by the processor. 
Relative Addressing is provided allowing the Program Counter 
to be used like an index register in some situations. 


© Condition Code Register 
The Condition Code Register defines the State of the 
Processor at any given time. See Fig. 5. 


Carry 
Overfiow 
Zero 
Negative 
IRQ Mask 
~ Half Carry 
FIRQ Mask 
Entire Fiag 





Figure 5 Condition Code Register Format 


@ CONDITION CODE REGISTER DESCRIPTION 


@ Bit 0 (C) 

Bit 0 is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a ‘borrow’ from subtract 
like instructions (CMP, NEG, SUB, SBC) and is the complement 
of the carry from the binary ALU. 


@ Bit 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an operation 
which causes a signed two’s complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
nae the MSB in the ALU does not match the carry from the 

B-1. 


© Bit 2 (Z) 
Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 


@ Bit 3 (N) 

Bit 3 is the negative flag, which contains exactly the value of 
the MSB of the result of the preceding operation. Thus, a 
negative two’s-complement result will leave N set to a one. 


@ Bit 4 (1) 

Bit 4 is the IRQ mask bit. The processor will not recognize 
interrupts from the IRQ line if this bit is set to a one. NMI, 
FIRQ, IRQ, RES, and SWI all are set I to a one; SWI2 and SWI3 
do not affect I. 


e Bit 5 (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry-from 
bit 3 in the ALU as a result of an 8-bit addition only (ADC or 
ADD). This bit is used by the DAA instruction to perform a 
BCD decimal add adjust operation. The state of this flag is 
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undefined in all subtract-like instructions. 


e Bit 6 (F) 

Bit 6 is the FIRQ mask mask bit. The processor will not recognize 
interrupts from the FIRQ line if this bit is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IRO, SWI2 and SWI3 do not 
affect F. 


e Bit 7 (E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
Stacked CC is used on a return from interrupt (RTI) to 
determine the extent of the unstacking. Therefore, the current 
E left in the Condition Code Register represents past action. 


® SIGNAL DESCRIPTION 


@ Power (Vss, Vcc) 
Two pins are used to supply power to the part: VSg is 
ground or 0 volts, while Vcc is +5.0V +5%. 


© Address Bus (Ay ~A,;) 

Sixteen pins are used to output address information from the 
MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF 16, R/W = “High”, and BS = “Low”; this is a “dummy 
access” or VMA cycle. Addresses are valid on the rising edge of 
Q (see Figs. 2 and 3). All address bus drivers are made high 
impedance when output Bus Availalbe (BA) is “High”. Each pin 
will drive one Schottky TTL load or four LS TTL loads, and 
typically 90 pF. 


® Data Bus (D,~D-) 

These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and typically 130 pF. 


@ Read/Write (R/W) 

This signal indicates the direction of data transfer on the data 
bus. A “Low” indicates that the MPU is writing data onto the 
data bus. R/W is made high impedance when BA is “High”. R/W 
is valid on the rising edge of Q. Refer to Figs. 2 and 3. 


© Reset (RES) 

A “Low” level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Fig. 6. The Reset 
vectors are fetched from locations FFFE,. and FFFF,. (Table 
1) when Interrupt Acknowledge is true, (BA - BS=1). During 
initial power-on, the Reset line should be held “Low” until the 
clock oscillator is fully operational. See Fig. 7. 

Because the HD6809 Reset pin has a Schmitt-trigger input 
with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 
This higher threshold voltage ensures that all peripherals are out 
of the reset state before the Processor. 


HD6809, HD68A09, HD68B09 


Table 1 Memory Map for Interrupt Vectors 


















Memory Map For 
Vector Locations 


MS 


Interrupt Vector 
Description 


RES 






FFFC NMI 
FFFA Swi 
FFF8 TRO 
FFF6 FIRO 
FFF4 Sswi2 
SWI3 
Reserved 





@ HALT 

A “Low” level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output is 
driven “High” indicating the buses are high impedance. BS is 
also “High” which indicates the processor is in the Halt or Bus 
Grant state. While halted, the MPU will not respond to external 
real-time requests (FIRQ, IRQ) although DMA/BREQ will 
always be accepted, and NMI or RES will be latched for later 
response. During the Halt state Q and E continue to run 
normally. If the MPU is not running (RES, DMA/BREQ), a 
halted state (BA*BS=1) can be achieved by pulling HALT 


“Low” while RES is still “Low”. If DAM/BREQ and HALT are 
both pulled “Low”, the processor will reach the last cycle of the 
instruction (by reverse cycle stealing) where the machine will 
then become halted. See Figs. 8 and 16. 


@ Bus Available, Bus Status (BA, BS) 

The BA output is an indication of an internal control signal 
which makes the MOS buses of the MPU high impedance. This 
signal does not imply that the bus will be available for more 
than one cycle. When BA goes “Low”, an additional dead cycle 
will elapse before the MPU acquires the bus. 

The BS output signal, when decoded with BA, represents the 
MPU state (valid with leading edge of Q). 


Table 2 MPU State Definition 


MPU State 


Normal (Running) 
Interrupt or RESET Acknowledge 
SYNC Acknowledge 

HALT or Bus Grant 














Interrupt Acknowledge is indicated during both cycles of a 
hardware-vector-fetch (RES, NMI, FIRQ, IRO, SWI, SWI2, 
SWI3). This signal, plus decoding of the lower four address lines, 
can provide the user with an indication of which interrupt level 
is being serviced and allow vectoring by device. See Table 1. 

Syne Acknowledge is indicated while the MPU is waiting for 
external synchronization on an interrupt line. 

Halt/Bus Grant is true when the HD6809 is in a Halt or Bus 
Grant condition. 
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Figure 7 Crystal Connections and Oscillator Start Up 
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@ Non Maskable Interrupt (NMi)* 

A negative edge on this input requests that a non-maskable 
interrupt sequence be generated. A non-maskable interrupt 
cannot be inhibited by the program, and also has a higher 
priority than FIRQ, IRQ or software interrupts. During recogni- 
tion of an NMI, the entire machine state is saved on the 





2nd To Last Last Cycle 
Cycle Of Of 
Current . Current Dead 
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hardware stack. After reset, an NMI will not be recognized until 
the first program load of the Hardware Stack Pointer (S). The 
pulse width of NMI “Low” must be at least one E cycle. If the 
NMI input does not meet the minimum set up with respect to 


Q, the interrupt will not be recognized until the next cycle. See 
Fig. 9. 


Dead = !nstructioninstruction O0ead 
Inst. Inst. Cycle Halted Cycle Feten | Execute | _ Cvels muted 


oLILILILILIYtLP Ly Ly LL LLL 





Fetch Execute 


instruction 
Opcode 


Figure 8 HALT and Single Instruction Execution for System Debug 
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Figure 9 [RO and NMI Interrupt Timing 
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Figure 10 FIRQ Interrupt Timing 


@ Fast-Interrupt Request (FIRQ)* 

A “Low” level on this input pin will initiate a fast interrupt 
sequence provided its mask bit (F) in the CC is clear. This 
sequence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents of 
the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Fig. 10. 


@ Interrupt Request (IRQ)* 

A “Low” level input on this pin will initiate an interrupt 
Request sequence provided the mask bit (I) in the CC is clear. 
Since IRQ stacks the entire machine state it provides a slower 
response to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear the 
source of the interrupt before doing an RTI. See Fig. 9. 


* NMI, FIRQ, and IRQ requests are sampled on the falling 
edge of Q. One cycle is required for synchronization before 
these interrupts are recognized. The pending interrupt(s) 
will not be serviced until completion of the current_instruc- 
tion unless a SYNC or CWAI condition is present. If IRQ and 
FIRQ do not remain “Low” until completion of the current 
instruction they may not be recognized. However, NMI is 
latched and need only remain “Low” for one cycle. 


@ XTAL, EXTAL 

These inputs are used to connect the on-chip oscillator to an 
external parallel-resonant crystal. Alternately, the pin EXTAL 
may be used as a TTL level input for external timing by 
grounding XTAL. The crystal or external frequency is four 
times the bus frequency. See Fig. 7. Proper RF layout 
techniques should be observed in the layout of printed circuit 
boards. 


<NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT > 

In designing the board, the following notes should be taken 
when the crystal oscillator is used. 








1) Crystal oscillator and load capacity Cin, Cout must be placed 


near the LSI as much as possible. 


Normal oscillation may be disturbed when external noise is 
induced to pin 38 and 39. 


2) Pin 38 and 39 signal line should be wired apart from other 
signal line as much as possible. Don’t wire them in parallel. 


Ree oscillation may be disturbed when E or Q signal is ] 
feedbacked to pin 38 and 39. 





Figure 11 Board Design of the Oscillation Circuit. 


<THE FOLLOWING DESIGN MUST BE AVOIDED > 

A signal line or a power source line must not cross or go near 
the oscillation circuit line as shown in Fig. 12 to prevent the 
induction from these lines and perform the correct oscillation. 
The resistance among XTAL, EXTAL and other pins should be 
over 10M22. 
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e —,Q 
Must be avoided. E is similar to the HD6800 bus timing signal ¢.; Q is a 
quadrature clock signal which leads E. Q has no parallel on the 
HD6800. Addresses from the MPU will be valid with the lead- 
ra: ing edge of Q. Data is latched on the falling edge of E. Timing 
H Fe for E and Q is shown in Fig. 13. 
7 7) 








rot ® MRDY 
4 Signal C This input control signal allows stretching of E and Q to 
XTAL extend data-access time. E and Q operate normally while MRDY 
sas is “High”. When MRDY is “Low”, E and Q may be stretched in 
ame integral multiples of quarter (1/4) bus cycles, thus allowing 


interface to slow memories, as shown in Fig. 14. A maximum 


Figure 12 Example of Normal Oscillation may be Disturbed. 





Start a Cycle End of Cycle (Latch Data) 





| Address Valid | 


Figure 13 E/QO Relationship 





Figure 14 MRDY Timing 
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stretch is 10 microseconds. During nonvalid memory access 
(VMA cycles) MRDY has no effect on stretching E and Q; this 
inhibits slowing the processor during “don’t care” bus accesses. 
MRDY may also be used to stretch clocks (for slow memory) 
when bus control has been transferred to an external device 
(through the use of HALT and DMA/BREQ). 

Also MRDY has effect on stretching E and Q during Dead Cycle. 


e DMA/BREQ 

The DMA/BREQ input provides a method of suspending 
execution and acquiring the MPU bus for another use, as shown 
in Fig. 15. Typical uses include DMA and dynamic memory 
refresh. 

Transition of DMA/BREQ should occur during Q. A “Low” 
level on this pin will stcp instruction execution at the end of the 
current cycle. The MPU will acknowledge DMA/BREQ by 
setting BA and BS to “High’’ level. The requesting device will 
now have up to 15 bus cycles before the MPU retrieves the bus 
for self-refresh. Self-refresh requires one bus cycle with a lead- 


MPU DEAD 
E 
a 

potas Vv 

DMA/BREO \\\\K vl 


tect 
tpcso 








ing and trailing dead cycle. See Fig. 16. 

Typically, the DMA controller will request to use the bus by 
asserting DMA/BREQ pin “Low” on the leading edge of E. 
When the MPU replies by setting BA and BS to a one, that cycle 
will be a dead cycle used to transfer bus mastership to the DMA 
controller. 

False memory accesses may be prevented during and dead 
cycles by developing a system DMAVMA signal which is “Low” 
in any cycle when BA has changed. 

When BA goes “Low” (either as a result of DMA/BREQ = 
“High” or MPU self-refresh), the DMA device should be taken 

off the bus. Another dead cycle will elapse before the MPU 
accesses memory, to allow transfer of bus mastership without 
contention. 


= MPU OPERATION 


During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. This 


DMA DEAD MPU 


0.5V 


UME 


2.4V 
BA, BS Fe ae \ 
DMAVMA* / \ / \ 
ADDR 
ADDR 


*DMAVMA is a signal which is developed externally, but is a system requirement for DMA. 
Figure 15 Typical DMA Timing (<14 Cycles) 
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MPU 


| 
DMA/BREQ ! | 
| aaa aaa aa 


BA, BS | 


DMAVMA® Of! 


*“DMAVMA is a signal which is developed externally, but is a system requirement for OMA. 


Figure 16 Auto — Refresh DMA Timing 
(Reverse Cycle Stealing) 


sequence begins at RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft- 
ware instructions that alter normal MPU operation are: SWI, 
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt, HALT or 
DMA/BREQ can also alter the normal execution of instructions. 
Fig. 17 illustrates the flow chart for the HD6809. 


® ADDRESSING MODES 
The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6809 has 
the most complete set of addressing modes available on any 
microcomputer today. For example, the HD6809 has 59 basic 
instructions; however, it recognizes 1464 different variations of 
instructions and addressing modes. The addressing modes 
support modern programming techniques. The following ad- 
dressing modes are available on the HD6809: 
(1) Implied (Includes Accumulator) 
(2) Immediate 
(3) Extended 
(4) Extended Indirect 
(5) Direct 
(6) Register 
(7) Indexed 
Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/Decrement 
(8) Indexed Indirect 
(9) Relative 
(10) Program Counter Relative 


© implied (Includes Accumulator) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 


@ immediate Addressing 
In Immediate Addressing, the effective address of the data is 

the location immediately following the opcode (i.e., the data to 
be used in the instruction immediately follows the opcode of 
the instruction). The HD6809 uses both 8 and 16-bit immedicte 
values depending on the size of argument specified oy the 
opcode. Examples of instructions with Immediate Addressing 
are: 

LDA #$20 

LDX #$F000 

LDY #CAT 
(NOTE) # signifies Immediate addressing, $ signifies hexa- 

decimal value. 


@ Extended Addressing 

In Extended Addressing, the contents of the two bytes 
immediately following the opcode fully specify the 16-bit 
effective address used by the instruction. Note that the address 
generated by an extended instruction defines an absolute 
address and is not position independent. Examples of Extended 
Addressing include: 


LDA CAT 
STX |= MOUSE 
LDD $2000 


@ Extended Indirect 

As a special case of indexed addressing (discussed below), 
“1”? level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 


LDA [CAT] 
LDX —[$SFFFE] 
STU [DOG] 


@ Direct Addressing 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower 8-bit of the address to be used. The upper 
8-bit of the address are supplied by the direct page register. Since 
only one byte of address is required in direct addressing, this 
mode requires less memory and executes faster than extended 
addressing. Of course, only 256 locations (one page) can be 
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Interrupt 


Se 


[NMI _[FFFC| 


2 


| Unstack CC | 


ace St 
Unstack A, 8, <ewa> 
sal ‘ 


: 
| Save BA, BS | 
N 
Tpeeitates| tack 
p PC, CC 


DMAREQ 
Sequence 






Orn 


Processing 
For 1 & Cycle 





Bus State BS 
Running | Oo | 0 
Interrupt or Reset Acknowledge | 0 1 
Sync Pe 0 
Hait/Bus Grant | 4 | 1 


Asserting RES will result in entering the reset sequence from any point in the flow chart. 
Figure 17 Flowchart for HD6809 Instruction 
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accessed without redefining the contents of the DP register. Post-Byte Register Bit Indexed 


Since the DP register is set to $00 on Reset, direct addressing on Addressing 
the HD6809 is compatible with direct addressing on the SARS ESE nr Mode 
HD6800. Indirection is not allowed in direct addressing. Some fo[rir|x|[x| x| “s 
examples of direct addressing are: a 
LDA _—_ $30 cea on 
SETDP —_ $10 (Assembler directive) ST ———eeEE 
LDB $1030 ca o/1 ae eee 
LDD = <CAT Hh Re On O11 [of ot tA= R40 OMe 
eee ee | Pr fatafortol+ [ols] a= .A+acce ore | 
(NOTE) ahs assembler directive which forces direct ad- BER. Ponty tf OFA Re ACCA Ofet| 
Loa | 0/1 EA =,R +8 Bit Offset 
| ra falefor|+[olo] 1] €a-.A+ 1650 Ofte | 
ee Pifeirforts fo[t[1| A= .R+DOrte | 
Some opcodes are followed by a byte that defines a register — - 
or set of registers to be used by the instruction. This is called a EeESES 2 pti to] o|  EA=Pc+seroftser | 
postbyte. Some examples of register addressing are: pi [x [x<fonts {i fot i] ea= Pc + 16 Bit oftser | 
TFR X,Y Transfers X into Y Pit RiR{[afifafaf sf] cA=fAddress) | 





EXG Exchanges A with B OP eee hers ae ee 


AB 
PSHS A.B, X,Y__ Push Y, X, Band A ontoS Wine as Pager tunan eis 
PULU X, Y,D Pull D, X, and Y from U Indirect Field 


(Sigh bit when b7 = 0) 
@ Indexed Addressing | eee Non Indirect 
In all indexed addressing, one of the pointer registers (X, Y, Ls oe. ne 
U, S, and sometimes PC) is used in a calculation of the effective 00 = X_ 





address of the operand to be used by the instruction. Five basic ote ¥. 

types of indexing are available and are discussed below. The ce 

postbyte of an indexed instruction specifies the basic type and X = Don’t Care 

variation of the addressing mode as well as the pointer register 

to be used. Fig. 18 lists the legal formats for the postbyte. Table Figure 18 Index Addressing Postbyte Register Bit Assignments 


3 gives the assembler form and the number of cycles and bytes 


Table 3 Indexed Addressing Mode 













Non Indirect Indirect 
Type oe bler Postby te + 
orm OP Code ~l# Form OP Code # 
Constant Offset From R No Offset | 4RROO100 |O/0 | LR} | 1RR10100 — 0 
acca a ae lal 5 Bit Offset ORRnnnnn | 1 (0 | defaults to 8-bit 
raRaOoT_ Tf 
| 1RRO1001 | 4 7 


[A, R] 1RR10110 
fo | [B, RI 1RR10101 
1 10007 


(2's Complement Offsets) 1RROO101 
7 0 | 

0 

0 

0 

jo t-- Ai 0 

a 

; 


Ee 
Eee 

Auto Increment/Decrement R | 1RROOOOO | 2| 
R++ | 1RROO0O1 | 3 

| Decrement By? | .-R___| 1RROOO10 | 2 
eee 3 

ee 

5 

i. 


o 


Accumulator Offset From R A Register Offset 1RROO110 


jo} fol [wielalsial [oles | 
e;O;OIrniae 


Constant Offset From PC insPOR] | txxt1100 [43 
(2's Complement Offsets) tn, PCR | textt101 [82 
Extended Indirect pre sicAddes | - | — |-[-] mi __| toon oa 


R=X,Y,Uors RR: 
x = Don’t Care 00 = X 
01=Y 
10=U 
11=S 
+ 


and y indicate the number of additional cycles and bytes for the particular variation. 


ow 
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added to the basic values for indexed addressing for each 
variation. 


Zero-Offset Indexed 

In this mode, the selected pointer register contains the 
effective address of the data to be used by the instruction. This 
is the fastest indexing mode. 

Examples are: 


LDD__—O,X 
LDA S&S 
Constant Offset Indexed 


In this mode, a two’s-complement offset and the contents of 
one of the pointer registers are added to form the effective 
address of the operand. The pointer register’s initial content is 
unchanged by the addition. 

Three sizes of offsets are available: 

S-bit (—16 to +15) 
8-bit (—128 to +127) 

16-bit (—32768 to +32767) 

The two’s complement 5-bit offset is included in the 
postbyte and, therefore, is most efficient in use of bytes and 
cycles. The two’s complement 8-bit offset is contained in a 
single byte following the postbyte. The two’s complement 
16-bit offset is in the two bytes following the postbyte. In most 
casés the programmer need not be concerned with the size of 
this offset since the assembler will select the optimal size 
automatically. 

Examples of constant-offset indexing are: 


LDA = 23,X 
LDX -2,S 
LDY 300,X 
LDU CAT,Y 


Accumulator-Offset Indexed 

This mode is similar to constant offset indexed except that 
the two’s-complement value in one of the accumulators (A, B or 
D) and the contents of one of the pointer registers are added to 
form the effective address of the operand. The contents of both 
the accumulator and the pointer register are unchanged by the 
addition. The postbyte specifies which accumulator to use as an 
offset and no additional bytes are required. The advantage of an 
accumulator offset is that the value of the offset can be 
calculated by a program at run-time. 

Some examples are: 


LDA B,Y 
LDX_ .OD,Y 
LEAX B,X 


Auto Increment/Decrement Indexed 

In the auto increment addressing mode, the pointer register 
contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This addressing 
mode is useful in stepping through tables, moving data, or for 
the creation of software stacks. In auto decrement, the pointer 
register is decremented prior to use as the address of the data. 
The use of auto decrement is similar to that of auto increment; 
but the tables, etc., are scanned from the “High” to “Low” 
addresses.- The size of the increment/decrement can be either 
one or two to allow for tables of either 8 or 16-bit data to be 





Some examples of the auto increment/decrement addressing 
modes are: 


LDA  ,Xt 
STD Yt + 
LDB_,-Y 
LDX ,-—S 


Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 

STX 0, X + + (X initialized to 0) 
The desired result is to store a 0 in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 

0 > temp calculate the EA; temp is a holding register 

X+27>X perform autoincrement 

X-~>(temp) do store operation 


@ indexed Indirect 
All of the indexing modes with the exception of auto 

increment/decrement by one, or a +4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index register and an 
offset. 

Before Execution 

A = XX (don’t care) 

X = $FO00 


$0100 LDA [$10,X] EA is now $F010 
$F010 $F1 $F 150 is now the 
$FO11 $50 new EA 

$F150 $AA 


After Execution 
A= $AA Actual Data Loaded 
X = $FO00 
All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 1 
indirect). Some examples of indexed indirect are: 


LDA [X] 
LDD [10,5] 
LDA _[B,Y] 
LDD-[,X+ +] 


@ Relative Addressing 

The byte(s) following the branch opcode is (are) treated as a 
signed offset which may be added to the program counter. If 
the branch condition is true then the calculated address (PC + 
signed offset) is loaded into the program counter. Program 
execution continues at the new location as indicated by the PC; 
short (1 byte offset) and long (2 bytes offset) relative addressing 
modes are available. All of memory can be reached in long 
relative addressing as an effective address is interpreted modulo 
2!® Some examples of relative addressing are: 


accessed and is selectable by the programmer. The pre- BEQ CAT (short) 

decrement, post-increment nature of these modes allow them to BGT DOG (short) 

be used to create additional software stacks that behave CAT LBEQ RAT (long) 

identically to the U and S stacks. DOG LBGT RABBIT (long) 
© HITACHI 
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e 

e 

@ 
RAT NOP 
RABBIT NOP 


e@ Program Counter Relative 

The PC can be used as the pointer register with 8 or 16-bit 
signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 


LDA CAT, PCR 
LEAX TABLE, PCR 


Since program counter relative is a type of indexing, an 
additional level of indirection is available. 


LDA 
LDU 


[CAT, PCR] 
[DOG, PCR] 


® HD6809 INSTRUCTION SET 

The instruction set of the HD6809 is similar to that of the 
HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different ad- 
dressing modes) has risen from 197 to 1464. 

Some of the new instructions and addressing modes are 
described in detail below: 


@ PSHU/PSHS 

The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 


@ PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence is 
fixed; each bit defines a unique register to push or pull, as 
shown in below. 


PUSH/PULL POST BYTE 


——— CC 
A 


B 
OP 
X 


Y 
S/U 
PC 


+ Pull Order Push Order > 
PC U Y X DP B A CC 
FFFF.,.< increasing memory address .....0000 
PC S Y X DP B A CC 


HD6809, HD68A09, HD68B09 


eTFR/EXG 

Within the HD6809, any register may be transferred to or 
exchanged with another of like-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4-7 of postbyte define the source register, while 
bits 0-3 represent the destination register. Three are denoted as 
follows: 


0000 — D 0101 — PC 
0001 — X 1000— A 
0010 — Y 1001 — B 
0011 — U 1010 — CC 
0100 — S 1011 — DP 


(NOTE) All other combinations are undefined and INVALID. 
TRANSFER/EXCHANGE POST BYTE 


SOURCE |DESTINATION 


@ LEAX/LEAY/LEAU/LEAS 

The LEA (Load Effective Address) works by calculating the 
effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in a pointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 4. 

The LEA instruction also allows the user to access data in a 
position independent manner. For example: 


LEAX MSGI, PCR 
LBSR PDATA (Print message routine) 
® 
e 
MSG1 FCC ‘MESSAGE’ 


This sample program prints: ‘MESSAGE’. By writing MSG], 
PCR, the assembler computes the distance between the present 
address and MSGI. This result is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSG1 into the X pointer register. This 
code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAa, b+ (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1.b->temp (calculate the EA) 

2.b+17b (modify b, postincrement) 

3. temp>a (load a) 


LEAa, — b 

1.b—1->temp (calculate EA with predecrement) 
2.b—1>b (modify b, predecrement) 

3. temp >a (load a) 


Autoincrement-by-two and autodecrement-by-two instruc- 
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAX, —X does decrement X. LEAX 1, X should be 
used to increment X by one. 
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Table 4 LEA Examples 


X+10 >X 
X + 500 > X 


















Comment 


Adds 5-bit constant 10 to X 
Adds 16-bit constant 500 to X 


Instruction 


LEAX 10, X 
LEAX 500, X 











LEAY A,Y Y+A -—Y | Adds 8-bit accumulator to Y 
LEAY D,Y Y+D -—Y | Adds 16-bit D accumulator to Y 
LEAU —10,U | U~—10 > U | Subtracts 10 from U 

LEAS -10,S | S—10 —>S | Used to reserve area on stack 






LEAS 
LEAX 


$+10->-S 
$+5 7X 


10,S 
5, S- 


Used to ‘clean up’ stack 
Transfers as well as adds 















e@ MUL 


Multiplies the unsigned binary numbers in the A and B 
accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple- 
precision multiplications. 


Long And Short Relative Branches 

The HD6809 has the capability of program counter relative 
branching throughout the entire memory map. In this mode, if 
the branch is to be taken, the 8 or 16-bit signed offset is added 
to the value of the program counter to be used as the effective 
address. This allows the program to branch anywhere in the 64k 
memory map. Position independent code can be easily gene- 
rated through the use of relative branching. Both short (8-bit) 
and long (16-bit) branches are available. 


e SYNC 

After encountering a Sync instruction, the MPU enters a 
Sync state, stops processing instructions and waits for an 
interrupt. If the pending interrupt is non-maskable (NMI) or 
maskable (FIRQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Syne state and perform the normal 
interrupt stacking and service routine. Since FIRQ and IRQ are 
not edge-triggered, a “Low” level with a minimum duration of 
three bus cycles is required to assure that the interrupt will be 
taken. If the pending interrupt is maskable (FIRQ, IRQ) with its 
mask bit (F or I) set, the processor will clear the Sync state and 
continue processing by executing the next inline instruction. 
Fig. 19 depicts Sync timing. 
Software Interrupts 

A Software Interrupt is an instruction which will cause an 
interrupt, and its associated vector fetch. These Software In- 
terrupts are useful in operating system calls, software debug- 
ging, trace operations, memory mapping, and software devel- 
opment systems. Three levels of SWI are available on this 
HD6809, and are prioritized in the following order: SWI, SWI2, 
SWI3. 
16-Bit Operation 

The HD6809 has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, sub- 
tracts, transfers, exchanges, pushes and pulls. 





m CYCLE-BY-CYCLE OPERATION 

The address bus cycle-by-cycle performance chart illustrates 
the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6809. Each instruc- 
tion begins with an opcode fetch. While that opcode is being 
internally decoded, the next program byte is always fetched. 
(Most instructions will use the next byte, so this technique 
considerably speeds throughput.) Next, the operation of each 
opcode will follow the flow chart. VMA is an indication of 





FFFF,. on the address bus, R/W=“High” and BS=“Low”. 
The following examples illustrate the use of the chart; see Fig. 
20. 


Example 1: LBSR (Branch Taken) 
Before Execution SP = FO00 








$8000 LBSR CAT 
$A000 CAT ‘ 
| CYCLE-BY-CYCLE FLOW 
Cycle# Address Data R/W Description 
1 8000 17 1 Opcode Fetch 
2 8001 IF 1 Offset High Byte 
3 8002 FD 1 Offset Low Byte 
4 FFFF * 1 VMA Cycle 
5 FFFF * 1 VMA Cycle 
6 A000 * 1 Computed Branch 
Address 
7 FFFF . 1 VMA Cycle 
8 EFFF 03 0 Stack Low Order 
Byte of Return 
Address 
9 EFFE 80 0 Stack High Order 
Byte of Return 
Address 
Example 2: DEC (Extended) 
$8000 DEC $A000 
$A000 FCB $80 
CYCLE-BY-CYCLE FLOW 
Cycle# Address Data R/W Description 
1 8000 7A 1 Opcode Fetch 
2 8001 AO 1 Operand Address, 
High Byte 
3 8002 00 1 Operand Address, 
Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 1F 0 Store the Decre- 


mented Data 
* The data bus has the data at that particular address. 


® HD6809 INSTRUCTION SET TABLES 
The instructions of the HD6809 have been broken down into 
five different categories. They are as follows: 
8-Bit operation (Table 5) 
16-Bit operation (Table 6) 
Index register/stack pointer instructions (Table 7) 
Relative branches (long or short) (Table 8) 
Miscellaneous instructions (Table 9) 
HD6809 instruction set tables and Hexadecimal Values of 
instructions are shown in Table 10 and Table 11. 
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Last Cycle Sync Last Cycte 
of Previous Opcode Sync Acknowledge of Sync 


— Fetch | Execute | iba 





(NOTES) «# If the associated mask bit is set when the interrupt is requested, this cycle will be an instruction fetch from address location PC + 1. 
However, if the interrupt is accepted (NMI or an unmasked FIRQ or 1RQ) interrupt processing continues with this cycle as (m) on Figure 9 


and 10 (Interrupt Timing). 
s* If mask bits are clear, TRO and FIRG must be held ‘‘Low” for three cycles to guarantee that interrupt will be taken, although only one 
cycle is necessary to bring the processor out of SYNC. 


Figure 19 Sync Timing 













Opcode (Fetch) 
Opcode + 
2 Bytes Y 
Opcode_ 
N 
Long Short Immediate Direct Extended Indexed 
Branch Branch & 
Inherent Garcdex 
VMA Opcode + 
Cer? VMK ACCA Offset Auto Auto jR+ 16-Bit R+0 PC + [ Extended? No Offset 
VMA ACCB Offset} inc/Dec} Inc/Dec 16-Bit} tadirect 
R+5 Bit By 1 By 2 
R+8 Bit 
PC +8 Bit 


Opcode + Opcode + Opcode + Opcode + 


vv. Opcode + Opcode + Opcode + Opcode + 
<> u via AK vik oviK 
ohn vin vax vie 


N (NOTE) 
ADDR 


+f 
t 


< 
= 
> 


Y 
Operation 
= Indirect (+) 
N Indirect (L) 
vMA 





Stack (Write) 
Stack (Write) 





(NOTE) Write operation during store instruction. 


Figure 20 Address Bus Cycle-by-Cycle Performance 
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imphed Page 


ASLA ABX RTS TFR EXG MUL PSHU PuLU Swi CWAI RTi 
ASLB PSHS PULS Swi2 


COMB | 
VMA MA VMA Vv 
DECA VMA VMK VMA 


INCA VMA vwA _ STACK’ 12xSTACK 12xSTACK 
INCB VMA vMA (Dummy Read) (Write) (Write) 
vue 
VMA 







STACK 12 


(Write) 

LSRA STACK VMA he 
UA wut MMA ie ay ee ae 

NEGA VMA VMA vMA = WMA}? 


<j<j< 


: 


VA VECTOR VECTOR 
Vv VECTOR VECTOR 


TSTA 11XSTACK 
STACK 
(Write) ; 


STACK” STACK” 
(Dammy 
Read) 


(NOTE) STACK’: Address stored in stack pointer before execution. 
STACK": Address set to stack pointer as the result of the execution. 


Figure 20 Address Bus Cycle-by-Cycle Performance (Continued) 


Non-implied 
' ED 
ADCAT 100 ; ASL TST AD0D JSR sTo 
AOCBI LOS ASR CMPD STs 
ADDA}! LDU CLR CMPS STu 
ADOB DX COM CMPU STX 
ANDA] LOY DEC CMPX STY 
ANDB INC CMPY 
BITA ANDCC LSL SUBD 
BITB ORCC LSR 
CMPA NEG 
CMPB ROL 
EORA ROR 
EORB 
LOA 
LOB 
ORA 
ORB 
SBCA 
SB8CB 
STA 
STB 
SUBA 
SUBB 
VMA 
STACK 


(Write) 
Mz VMA ADOR + STACK ADDR + 
ADDR+ ADOR ‘VMA “VMA (Write) (Write) 


Figure 20 Address Bus Cycle-by-Cycle Performance (Continued) 
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Table 5 8-Bit Accumulator and Memory Instructions 


Mnemonic(s) 
ADCA, ADCB 
ADDA, ADDB 
ANDA, ANDB 
ASL, ASLA, ASLB 
ASR, ASRA, ASRB 
BITA, BITB 

CLR, CLRA, CLRB 
CMPA, CMPB 

COM, COMA, COMB 
DAA 

DEC, DECA, DECB 
EORA, EORB 

EXG R1, R2 

INC, INCA, INCB 
LDA, LDB 

LSL, LSLA, LSLB 
LSR, LSRA, LSRB 
MUL 

NEG, NEGA, NEGB 
ORA, ORB 

ROL, ROLA, ROLB 
ROR, RORA, RORB 
SBCA, SBCB 

STA, STB 

SUBA, SUBB 

TST, TSTA, TSTB 
TER R1, R2 


Operation 

Add memory to accumulator with carry 

Add memory to accumulator 

And memory with accumulator 

Arithmetic shift of accumulator or memory left 
Arithmetic shift of accumulator or memory right 
Bit test memory with accumulator 

Clear accumulator or memory location 

Compare memory from accumulator 
Complement accumultor or memory location 
Decimal adjust A accumulator 

Decrement accumulator or memory location 
Exclusive or memory with accumulator 
Exchange R1 with R2 (R1, R2 =A, B, CC, DP) 
Increment accumulator or memory location 
Load accumulator from memory 

Logical shift left accumulator or memory location 
Logical shift right accumulator or memory location 
Unsigned multiply (A <x B > D) 

Negate accumulator or memory 

Or memory with accumulator 

Rotate accumulator or memory left 

Rotate accumulator or memory right 

Subtract memory from accumulator with borrow 
Store accumulator to memory 

Subtract memory from accumulator 

Test accumulator or memory location 

Transfer R1 to R2(R1, R2=A,B, CC, DP) 





(NOTE) A, B, CC or OP may be pushed to (pulled from) either stack with PSHS, PSHU 
(PULS, PULU) instructions. 


Table 6 16-Bit Accumulator and Memory Instructions 


Mnemonic(s) | Operation 

ADDD Add memory to D accumulator 

CMPD Compare memory from D accumulator 

EXG D,R Exchange D with X, Y, S, U or PC 

LOD Load D accumulator from memory 

SEX Sign Extend B accumulator into A accumulator 
STD Store D accumulator to memory 

SUBD Subtract memory from D accumulator 

TFR D,R Transfer D to X, Y, S, U or PC 


TFR R,D Transfer X, Y,S, Uor PC to D 


(NOTE) DO may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) 
instructions. 
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Table 7 Index Register/Stack Pointer Instructions 


Mnemonic(s) Operation 

CMPS, CMPU | Compare memory from stack pointer 

CMPX, CMPY Compare memory from index register 

EXG R1, R2 Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 
LEAS, LEAU Load effective address into stack pointer 

LEAX, LEAY Load effective address into index register 

LDS, LDU Load stack pointer from memory 

LDX, LDY Load index register from memory 

PSHS Push A,.B, CC, DP, 0, X, Y, U, or PC onto hardware stack 
PSHU Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 
PULS Pull A, B, CC, DP, D, X, Y, U or PC from hardware stack 
PULU Pull A, B, CC, OP, D, X, Y, S or PC from user stack 
STS, STU Store stack pointer to memory 

STX, STY Store index register to memory 

TFR R1,R2 Transfer D, X, Y,S, U or PC to D, X, Y, S, U or PC 
ABX Add B accumulator to X (unsigned) 


Table 8 Branch Instructions 








Mnemonic(s) Operation 

SIMPLE BRANCHES 
BEQ, LBEQ Branch if equa! 
BNE, LBNE Branch if not equal 
BMI, LBMI Branch if minus 
BPL, LBPL Branch if plus 
BCS, LBCS Branch if carry set 
BCC, LBCC Branch if carry clear 
BVS, LBVS Branch if overflow set _ 
BVC, LBVC Branch if overflow clear 

SIGNED BRANCHES - 
BGT, LBGT Branch if greater (signed) 
BGE, LBGE | Branch if greater than or equal (signed) 
BEQ, LBEQ Branch if equal cee. 
BLE, LBLE Branch if less than or equal (signed) 
BLT, LBLT Branch if less than (signed) — 

UNSIGNED BRANCHES 

BHI, LBHI Branch if higher (unsigned) | 
BHS, LBHS Branch if higher or same (unsigned) 
BEQ, LBEQ Branch if equal 
BLS, LBLS Branch if lower or same (unsigned) 
BLO, LBLO Branch if lower (unsigned) 

OTHER BRANCHES 
BSR, LBSR Branch to subroutine 
BRA, LBRA Branch always 
BRN, LBRN Branch never 
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Table 9 Miscellaneous Instructions 


Mnemonic(s) Operation 

ANDCC AND condition code register 

CWAI AND condition code register, then wait for interrupt 
NOP No operation 

ORCC OR condition code register 

JMP Jump 

JSR Jump to subroutine 

RTI Return from interrupt 

RTS Return from subroutine 

SWI, SWI2, SWI3 Software interrupt (absolute indirect) 
SYNC Synchronize with interrupt line 
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Table 10. HD6809 Instruction Set Table 






































































































































| INSTRUCTION’ [acehi ec) DIRECT | EXTND | IMMED | INDEX [RELATIVE A RECRIDRIGN 6 4 1] 0 
FORMS op] ~|# lor] ~ | # jop| ~[# jop|~[# lop|/~|# jopl~sj#| re S/F {H/T {N[z[vi[c 
erie beers 
ABX 3A/ 3/1 B+X—>X @e@@'0'0\e 
(UNSIGNED) 
ADC ADCA 991412 |B9}5 13 189] 2] 2 |A94+]2+ A+M+C-A e +/@] 7 t 
ADCB D9} 4)2)F9)5)3 jC9| 2} 2 j;E9|4+/2+ B+M+C-B @ 1/@i 7 t 
ADD ADDA 9Bi 4 | 2 {BB} 5 | 3 |[8B| 2} 2 |ABlM4+/2+ A+M-A @ 11@17 1 
ADDB DB} 4]; 2 /FBI 5/3 {CBI 2 | 2 JEB/4+/2+ B+M-B @ 1|/@|? t 
ADDD D3) 6/2 /F3/ 7/3 1C3/ 4/3 JE3/6+/2+ D+MM+1-—-D e@ @'e\! t 
AND ANDA 94} 4}2|B4)5|]3 184} 2; 2 j\A4i4+)2+ A/AM-A @ @'e|: e 
ANDB D4} 4{|2{F 4; 5/3 1C4/ 2/2 jE4|4+)2+ BAM-~B e @,'e\! @ 
ANDCC 1€; 3} 2 CCAIMM>CC ( ® ) 
ASL ASLA 48/2/11 A @|'@/®|/e@| 1 
ASLB 58/211 ot k{Tlk-olelelalel: 
ASL 08; 6/2/78) 713 68/6 +/2+ M} Cb, Do @'0'8©/@e|! 
ASR ASRA 47; 2/1 A cis e @|! 
ASRB- [57/2] 1 B Onn4} @\@\e|: 
ASR 07/6/2177/7)3 67|6+/2+ M @|®|e;/! 
b, bo Cc 
BCC BCC Branch C=0 @@e'0e\'@ 
LBCC Long Branch @'\@'0\'@ 
C=0 
BCS BCS Branch C=1 ee @:0@ 
LBCS Long Branch ee'0'@ 
C=1 
BEQ BEQ Branch Z=1 @e'\@'\e'0\'@ 
LBEQ Long Branch e\e'\e¢'2e|@ 
Z=1 
BGE BGE Branch N@V=0 @#1e@0@e'060;'@ 
LBGE Long Branch @e@e'¢e'2e 
N@V=0 
BGT BGT Branch ZV(N@V)=0 @ie'¢@1':e@:'2@ 
LBGT Long Branch @,e'0'@\@e@ 
ZVIN@V)=0 
BHI BHI Branch Cv Z=0 @'e¢'¢:'90/'0 r ) 
LBHI Long Branch @|'e@'e'0\'@e@ ® 
CvZ=0 
BHS BHS Branch C=0 @'e'89'8'9'e@1@ 
LBHS Long Branch @i\ei'¢@'¢0\'0'80/\80 
C=0 
BIT BITA 95] 4/2 |B5/ 5 {3 {85} 2 | 2 |A514+/2+ Bit Test A (MAA) @ie@ elit ri R\@ 
BITB D5! 4] 2 |F5|5 | 3 |C5; 2) 2 jE5/4+/2+ Bit Test B (MAB) @@eie@itit;Ri@ 
BLE BLE Branch ZV(N@®V)=1 @o'e'\e'0'80'80/@ 
LBLE Long Branch ee e'80'0\'0/\'0@ 
ZV(N@V)=1 
BLO BLO Branch C=] @'e'@2@0\/e 
LBLO Long Branch ei\eieieiei@i@ 
C=1 
BLS BLS Branch Cv Z=1 @'@'e:'\e'0\'e@ 
LBLS Long Branch @e\e'e@i'\e@ @e/\e 
CvZ=1 
BLT BLT Branch N@V=1 eieieieieieie 
LBLT Long Branch e\ei'@e@ieie@ie@le@ 
N@V=1 
BMI BMI Branch N=} ®@@e'e'e'0@' @'0e 
LBMI Long Branch @;'0e'@, 0,00 @ 
N= 1 
(Continued) 
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INSTRUCTION/ ea 6 | 82413 2 6 
FORMS lop| ~ | # jop| ~[ [op] ~ | # [op] ~ | # lop! ~ | # jop|~o s | en TE;FIH[TIN|Zz[v ic] 





Branch Z=0 @1'0e\|e/e@ 
Long Branch e\e 
Z=0 
Branch N=0 @\|@ 
Long Branch e@\|e@ 
N=0 
Branch Always e\e@ 
Long Branch Always e\e@ 
Branch Never e\e 
Long Branch Never e'\e 
BSR Branch to e\'e 
Subroutine 
LBSR Long Branch to e\@ 
Subroutine 
BVC 2 | Branch . V=0 e\e 
LBVC Long Branch e|\e@ 
V=0 
BVS 2{Branch V=1 @ e\|@e@ 
LBVS 4 | Long Branch @ ee 
V=1 
CLRA ; 0O—-A @|e\e R|R 
CLRB ? 0—-B ee'e RR 
CLR 0-—-M @e\e Rj|R 
CMPA Compare M from A e\e tid 
CMPB : 2 Compare M from B @i'2e@\® tit 
CMPD 5 Compare MM+ 1 @\|e@ @ ae ae 
from D 
CMPS Compare M M+ 1 ® ay ees 
from S$ 
CMPU Compare MM+ 1 e@ ti? 
from U 
CMPX > : > 5 Compare MM+ 1 ® til 
from X 
CMPY Compare MM+ 1} @ tit 
from Y 
COMA A~A e\e R|S 
COMB BB e\e R|S 
COM M—M ee R/S 
CC A IMM-—-CC S|] ( ) 
Wait for Interrupt 
Decimal Adjust A e@'e@ @ ®|1 
A-1--A @\|e@ @ 11@ 
B-1-—-B e\|e @ 1|@ 
M-1—M @|@ @ 11@ 
AQ®M~A e\|e@ @ R|@ 
BOM—B @|e@ e R/|®@ 
R1--R2@ ( @ ) 
A+t1—-A @ @ 11@ 
B+1—-B e @ 1|@ 
M+1—M e @ 1|@ 
EAQ@—PC ® e @ @ 
Jump to Subroutine e e e\@e 
(Continued) 
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INSTRUCTION’ [acdS! vc] DIRECT [ EXTND 
FORMS Gels fers [eile : DESCRIPTION 


ar{= [lori] A 
M-A 
M-~B 
5 MM+1-—-D 
MM+1-—-5S 
MM+1—-U 
3 5 MM+1--X 
4 MM+1-—Y 
} EAQ—S 
EA@—U 
EA@—X 
EA@-Y 
<< @ 
CHT ° 
C b be 2 
A 
B 
b, bo C 
AXB~D 
(Unsigned) 
At+l—A 
B+1l—B 
M+i—M 
No Operation 
2 AVM-A 
2 ‘ BvVM-B 
2 CCv IMM--CC 
Push Registers on 
S Stack 
Push Registers on 
U Stack 
Pull Registers { 
from S Stack Re 
Pull Registers ( 
from U Stack 
Nn— TK 
ee oe a 
A 
i. _ fT 
C b,;-——» by 
Return from 
Interrupt 
Return from @ 
Subroutine 
A-~M-C-A ® 
B-M-C--B ® 
Sign Extend B into A 8 
BOK > 7=1 FF-A 
BAEK ,>b7=0 0O-—A 
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INSTRUCTIONS/ [acct Rec] DIRECT [ EXTND | IMMED | INDEX® - 
FORMS _op|~[# lor|~[# jor[-[ Jor] -[s lor[—[# lor[-s[@| DESCRIPTION — 
ST STA 41/2 1B715 | 3 A7 A-—M 
STB 4/2\F7|/5(3 E7 B-M 
STD 5 | 2 iFD| 6] 3 ED D-MM+1 
STS 6/3 /]10| 714 10 S—-MM+ 1 
FF EF 
STU 5 | 2 |FF[ 6/3 EF U-M M+ } 
STX 5 | 2 |BF{ 6 | 3 AF X-MM+ ] 
STY 6/3/1017: 4 10 Y-MM+ 1 
BF AF 
SUB SUBA 4 {2 |BO/| 5 | 3 180} 2] 2 jA0 A-M-A 
SUBB 4/2 {F0; 5; 3 C0; 2 | 2 {EO B-M-B 
SUBD 6 {| 2 |B3!] 7 | 3 (83) 4} 3 [A3 D-~MM+1-—D 
SWI SWI® 1 Software interrupt 1 
SWI2® 2 Software interrupt 2 
SWI3® 2 Software interrupt 3 
SYNC 1 Synchronize to 
interrupt 
TFR Rl, R2 2 Rl — R2® 
TST TSTA 1 Test A 
TSTB 1 Test B 
TST ODI 6 | 2\7D/ 7) 3 Test M 
(NOTES) 


This column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table 
R1 and R2 may be any pair of 8 bit or any pair of 16 bit registers 

The 8 bit registers are: A, B, CC, DP 

The 16 bit registers are: X, Y, U, S, D, PC 


®O 


@) EA\Is the effective address 
@) The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled 
G) 5(6) means: 5 cycles if branch not taken, 6 cycles if taken. 
@ SWisets 1 and F bits. SW12 and SW13 do not affect | and F. 
Conditions Codes set as a direct result of the instruction 
(8) Value of half-carry flag is undefined. 
@ Special Case—Carry set if b7 is SET. 
Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise 
LEGEND: 
OP Operation Code (Hexadecimal) Z Zero (byte) 
~ Number of MPU Cycles V Overflow, 2’s complement 
# Number of Program Bytes Cc Carry from bit 7 
+ Arithmetic Plus ah Test and set if true, cleared otherwise 
- Arithmetic Minus @ Not Affected 
x Multiply CC Condition Code Register 
M Complement of M Concatenation 
+ Transfer Into V Logical or 
H Half-carry (from bit 3) A Logical and 
N Negative (sign bit) 7) Logical Exclusive or 
© HITACHI 
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Table 11 Hexadecimal Values of Machine Codes 


OP Mnem Mode ~ # OP Mnem Mode ow # OP Mrem Mode ~ # 
00 8 =6NEG Direct 6 2 30 LEAX indexed 4+ 2+ 60 NEG Indexed 6+ 2+ 
01 . 31 LEAY 4+ 2+ 61 * 

02 * 32 LEAS 4+ 2+ 62 ” 

03 COM 6 2 33 LEAU Indexed 4+ 2+ 63 COM 6+ 2+ 
04 LSR 6 2 34 PSHS Implied 5+ 2 64 LSR 6+ 2+ 
0 * 35 PULS 5+ 2 65 e 

06 ROR 6 2 36 PSHU 5+ 2 66 ROR 6+ 2+ 
07 =ASR 6 2 37 PULU 5+ 2 67 ASR 6+ 2+ 
08 ASL, LSL 6 2 38 * 68 ASL, LSL 6+ 2+ 
09 ROL 6 2 39 RTS 5 1 69 ROL 6+ 2+ 
OA DEC 6 2 3A ABX 3 1 6A DEC 6+ 2+ 
0B * 3B RTI Implied 6,15 1 6B + 

oc =6LINC 6 2 3C CWAIl immed 220 2 6C INC 6+ 2+ 
0b TST 6 2 3D) MUL Implied 11 1 6D TST 6+ 2+ 
OE JMP 3 2 3E - 6E JMP 3+ 2+ 
OF CLR Direct 6 2 3F 8 86SWI implied 19 1 6F CLR indexed 6+ 2+ 
10 } See _- _ - 40 NEGA Implied 2 1 70 NEG Extended 7 3 
11 Next Page _ - - 41 * 71 * 

12 NOP implied 2 42 . 72 2 

13 SYNC Implied 24 1 43 COMA 2 1 73 COM 7 

14 * 44 LSRA 2 1 74 LSR 7 3 
16 * 45 * 75 * 

16 LBRA Relative 5 3 46 RORA 2 1 76 ROR 7 3 
17 LBSR Relative 9 3 47 ASRA 2 1 77 ASR 7 3 
186 = 48 ASLA,LSLA 2 1 78 ~=ASL,LSL 7 3 
19 DAA Implied 2 1 49 ROLA 2 1 79 ROL 7 3 
1A ORCC immed 3 2 44 DECA 2 1 7A DEC 7 3 
1B OC 48 * 7B Ci 

1C ANDCC immed 3 2 4C INCA 2 1 7C¢  —oINC 7 3 
1D SEX implied 2 1 4D TSTA 2 1 7D =6(TST 7 3 
1E EXG 8 2 4—E * 7E  JMP 4 3 
1F TFR implied 6 2 4F CLRA implied 2 1 7F CLR Extended 7 3 
20 BRA Relative 3 2 50 NEGB implied 2 1 80 SUBA immed 2 2 
21 BRN 3 2 51 . 81 CMPA 2 2 
22 ~=2O=BHI 3 2 §2 . 82 SBCA 2 2 
23 «BLS 3 2 53 COMB 2 1 83 SUBD 4 3 
24 ~#BHS, BCC 3 2 54 LSRB 2 1 84 ANDA 2 2 
25 BLO, BCS 3 2 55 7 85 BITA 2 2 
26 #«BNE 3 2 56 RORB 2 1 86 LDA 2 2 
27 BEQ 3 2 57 ASRB 2 1 87 i 

28 «BVvC 3 2 58 ASLB,LSLB 2 1 88 EORA 2 2 
29 #=82BVS 3 2 59 ROLB 2 1 89 ADCA 2 2 
2A =BPL 3 2 5A DECB 2 1 8A ORA 2 2 
28 =2BMI 3 2 5B * 8B ADDA 2 2 
2C + 8=BGE 3 2 5C INCB 2 1 8C  CMPX = Immed 4 3 
2D «BLT 3 2 5D TSTB 2 1 8D BSR Retative 7 2 
2E BGT 3 2 5E * 8E LOX immed 3 3 
2F BLE Relative 3 2 5F CLRB Implied 2 1 8F . 

LEGEND: (to be continued) 


~ Number of MPU cycles (less possible push pull or indexed-mode cycles) 
# Number of program bytes 
* Denotes unused opcode 
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OP Mnem Mode a # OP Mnem Mode ~ # OP Mnem Mode ~ # 
90 SUBA Direct 4 2 C6 LDB Immed 2 2 FC LDD Extended 6 3 
91 CMPA 4 2 C7 * FD sTD 6 3 
92 SBCA 4 2 C8 EORB 2 2 FE LDU 6 3 
93 SUBD 6 2 C9 ADCB 2 2 FF stu Extended 6 3 
94 ANDA 4 2 CA ORB 2 2 
95 BITA 4 2 CB ADDB 2 2 
96 LDA 4 2 CC LDD 3 3 2 Bytes Opcode 
97 STA 4 2 cD * 
98 EORA 4 2 CE LDU Immed 3 3 1021 LBRN Relative 5 4 
99 ADCA 4 2 CF * 1022 LBHI 5(6) 4 
9A ORA 4 2 1023 LBLS 5(6) 4 
98 ADDA 4 2 DO SUBB Direct 4 2 1024 LBHS,LBCC 5(6) 4 
9C  CMPX 6 2 D1 CMPB 4 2 1025 LBCS, LBLO 5(6) 4 
9D JSR 7 2 D2 SBCB 4 2 1026 LBNE 5(6) 4 
9E LDX 5 2 D3 ADDD 6 2 1027 LBEQ 5(6) 4 
9F  STX Direct 5 2 D4 ANDB 4 2 1028 LBVC 5(6) 4 
D5 BITB 4 2 1029 LBVS 5(6) 4 
AO SUBA Indexed 4+ 2+ 06 LDB 4 2 102A LBPL 5(6) 4 
A1  CMPA 4+ 2+ D7 STB 4 2 102B LBMI 5(6) 4 
A2 SBCA 4+ 2+ D8 EORB 4 2 102C LBGE 5(6) 4 
A3 SUBD 6+ 2+ D9 ADCB 4 2 102D LBLT 5(6) 4 
A4 ANDA 4+ 2+ DA ORB 4 2 102E LBGT 5(6) 4 
A5 BITA 4+ 2+ DB ADDB 4 2 102F LBLE Relative 5(6) 4 
A6 LDA 4+ 2+ DC LDD 5 2 103F SWI2 Implied 20 2 
A7 STA 4+ 2+ DD SsTD 5 2 1083 CMPD immed 5 4 
AS EORA 4+ 24+ DE LDU 5 2 108C CMPY 5 4 
AQ ADCA 4+ 2+ DF sTU Direct 5 2 108E LDY Immed 4 4 
AA ORA 4+ 92+ 1093 CMPD Drrect 7 3 
AB ADDA 4+ 2+ EO SUBB Indexed 4+ 2+ 109C CMPY 7 3 
AC  CMPX 6+ 2+ E1  CMPB 4+ = 2+ 109E LDY 6 3 
AD JSR 7+ 2+ E2  SBCB 4+ 2+ 109F STY Direct 6 3 
AE LDX 5+ 92+ E3  ADDD 6+ 2+ 10A3 CMPD Indexed 7+ 3+ 
AF STX Indexed 5+ 2+ E4 ANDB 4+ 2+ 10AC CMPY 7+ 3+ 
, E5 BITB 4+ 92+ 10AE LDY 6+ 3+ 
BO SUBA Extended 5 3 E6 LDB 4+ 2+ 10AF STY Indexed 6+ 3+ 
Bi  CMPA 5 3 E7 STB 4+ 2+ 10B3 CMPD Extended 8 4 
B2 SBCA 5 3 —E8 EORB 4+ 2+ 10BC CMPY 8 4 
B3 SUBD 7 3 E9  ADCB 4+ 2+ 10BE LDY 7 4 
B4 ANDA 5 3 EA ORB 4+ 2+ 10BF STY Extended 7 4 
B5 BITA 5 3 EB ADDB 4+ 2+ 10CE LDS immed 4 4 
B6 LDA 5 3 EC LOD 5+ 2+ 10DE LDS Direct 6 3 
B7 STA 5 3 ED sTD 5+ 2+ 10DF STS Direct 6 3 
BS EORA 5 3 EE LDU 5+ «2+ 10EE LDS Indexed 6+ 3+ 
B9 ADCA 5 3 EF sTU Indexed 5+ 2+ 10EF STS Indexed 6+ 3+ 
BA ORA 5 3 10FE LDS Extended 7 4 
BB ADDA 5 3 FO SUBB Extended 5 3 10FF STS Extended 7 4 
BC CMPXx 7 3 F1 CMPB 5 3 113F SWI3 Implied 20 «(2 
BD JSR 8 3 F2  SBCB 5 3 1183 CMPU = immed 5 4 
BE LDX 6 3 F3 ADDD 7 3 118C CMPS — Immed 5 4 
BF STX Extended 6 3 F4 ANDB 5 3 1193 CMPU Direct 7 3 
F5 BITB 5 3 119C CMPS Direct 7 3 
CO SUBB immed 2 2 F6 LOB 5 3 11A3 CMPU Indexed 7+ 3+ 
C1  CMPB 2 2 F7 STB 5 3 11AC CMPS Indexed 7+ 3+ 
C2  SBCB 2 2 F8 EORB 5 3 11B3 CMPU- Extended 8 4 
C3. ADOD 4 3 F9 ADCB 5 3 11BC CMPS~ Extended 8 4 
C4 ANDB 2 2 FA ORB 5 3 
C5 BITB Immed 2 2 FB AODDB Extended 5 3 


(NOTE): All unused opcodes are both undefined and illegal 
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= NOTE FOR USE sequence by setting BA, BS to “High” level. However, 
[1] Exceptional Operation of HD6809 in the conditions shown below the assertion of BA, BS 
(a) Exceptional Operations of DMA/BREQ, BA signals delays one clock cycle. 
(#1) < Conditions for the exception > 
HD6809 acknowledges the input signal level of (1) DMA/BREQ A/BREO : “Low” for 6~13 cycles 
DMA/BREQ at the end of each cycle, then determines (2) DMA/BREQ : “High” for 3 cycles 


whether the next sequence is MPU or DMA. When 
“Low” level is detected, HD6809 executes DMA 








MPU | Dead | DMA cycle | Dead | MPU cycle | Dead | DMA cycle 
cycle | cycle cycle cycle 
E 
; ! Yj 
DMA/BREQ \_| |) SZ 
id a ZZ 
' i t ' t 
BA,BS | ! ! 
_ 4 
! ! ! 
6~13 cycles 3 cycles ayrotenei 
one clock 
cycle 
Figure 21 Exception of BA, BS Output 
(b) Exceptional Operations of DMA/BREQ, BA signals verce cycle steal. And it is only cleared if DMA/BREQ is 
(#2) inactive (“High”) for 3 or more MPU cycles. So 1 or 2 
HD6809 includes a self refresh counter for the re- inactive cycle(s) doesn’t affect the self refresh counter. 


hy 


— = ww a ee en 


! ! ! 

| ' ! 

! | | 

! | | 

1 cycle “High” | 
j 1cycle | 

! 

} 

! ! 


1 ! 
! ! 
| | 
' ' 
t | 
1 ! 
j | 
DMA/BREO \ 
' ] 
' 
! 
! 
! ! 





BA, BS — 


Self Refresh 


counter Reverse ana. steal 


effective (15 cycles) 


Se lek a ae OR, 
} | 
' | ! ' } 
) 
2 cycles ‘High’ ! 2 cycles 
SST ' 
pmamreg = \ | ! 
t 


| 
/ 
! 
1 
! 





! 
' 


| 
| ’ 
a dd 


Self Refresh arya? 
Soe ntet effective (15 cycles) Reverse cycle steal 


Figure 22 Exception of DMA/BREQ 


_-_—— —— —~— we me ww we oe ~ 


@ HITACHI 
396 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 





HD6809, HD68A09, HD68B09 


(c) How to avoid these exceptional operations active DMA/BREO level as shown in Fig. 23. 


4 or more cycles 


It is necessary to provide 4 or more cycles for in- 





Figure 23 How to Avoid Exceptional Operations 


(2] Restriction for DMA Transfer (a) An Example of the System Configuration 
There is a restriction for the DMA transfer in the HD6809 This restriction is applied to the following system. 
(MPU), HD6844 (DMAC) system. Please take care of fol- (1) DMA/BREO is used for DMA request. 
lowing. (2) “Halt Burst Mode” is used for DMA transfer 


DMA/BREO DRQH 
DMA transfer 
request 


HO6809 HO6844 


(MPU) (DMAC) 


DGRNT 





DMA acknowledge 





Figure 24 An Example of HD6809, HD6844 System 


use 7474 Flip-Flop. Fig. 24, Fig. 25 shows an example which 


(we restriction is also applied to the system which doesn’t 
uses 7474 for synchronizing DMA request with E. ) 


(b) Restriction reverse cycle steals once in 14 DMA cycles by taking 
“The number of transfer Byte per one DMA Burst back the bus control. In this case, however, the action 
transfer must be less than or equal to 14.” taken by MPU is a little bit different from the DMAC. 

Halt burst DMA transfer should be less than or As shown in Fig. 25, DMA controller can’t stop 
equal to 14 cycles. In another word, the number DMA transfer (A)) by BA falling edge and excutes 
stored into DMA Byte count register should be 0~14. an extra DMA cycle during HD6809 dead cycle. So 

MPU cycle is excuted right after DMA cycle, the Bus 
* Please than care of the section [1]}(b) if 2 or more confliction occurs at the beginning of MPU cycle. 


DMA channels are used for the DMA transfer. 
(d) How to impliment Halt Bust DMA transfer 


(c) Incorrect operation of HD6809, HD6844 system (> 14 cycles) 
“Incorrect Operation” will occur if the number of Please use HALT input of HD6809 for the DMA 
DMA transfer Byte is more than 14 bytes. If DMA/ request instead of DMA/BREQ. 





BREQ is kept in “Low” level HD6809 performs 
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14 cycles 


E 
[HD6809 side] side 
HD6809 reverse 
DMA/BREG. cycle steal 
' ie, 


penne | MPU cycle As Z069d7 DMA cycles =e DMA cycles 


MPU cycle is 
excuted right 
after DMA, 

a Bus confliction 
occurs 


OGRNT 
(BA) rite 


HD6844 DMA cycles |) DMA cycles 








cycles 
@) 
MPU sets BA to inactive “Low’”’ 
for reverse cycle steal, But 
DMAC couldn’t acknowledge 
the request and performs 
extra DMA during Dead cycle. 
Figure 25 Comparison of HD6809, HD6844 DMA cycles 
[3] Note for CLR Instruction Example: CLR (Extended) 
Cycle-by-cycle flow of CLR instruction (Direct, Ex- 
tended, Indexed Addressing Mode) is shown below. In this Sac ee an : 
sequence the content of the memory location specified by 
the operand is read before writing “OO” into it. Note that Cycle # Address Data R/W Description 
status Flags, such as IRQ Flag, will be cleared by this extra 1 8000 1F 1 Opcode Fetch 
data read operation when accessing the control/status 2 8001 AO 1 Operand Address, 
register (sharing the same address between read and write) High Byte 
of peripheral devices. 3 8002 00 1 Operand Address, 
Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 00 0 Store Fixed “00” 
into Specified 
Location 


* The data bus has the data at that particular address. 
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[4] Note for MRDY MRDY signal, normally derived from the chip select decoding, 
HD6809 require synchronization of the MRDY input with must meet the tpcs timing. MRDY’s positive transition must 
the 4f clock. The synchronization necessitates an external oscil- occur with the rising edge of 4f. 


lator as shown in Figure 26. The negative transition of the 


4xf s 
Oscillator 











74LS04 
XTAL se 
EXTAL (22 
Part of 
HO6809 
36 MRDY Stretch 
Q 
sas MRDY 
7 ’ Synchronization 
Active Low 
Chip Select 
For Slow 
Memory or 
Peripheral Values 





Chosen 





MRDY Stretch 
Stretch = 0.7 RC 


To Memory 


Figure 26 MRDY Synchronization 
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HD6809E,HD68A09E, 
HD68BO9E 
MPU(Micro Processing Unit) 


The HD6809E is a revolutionary high performance 8-bit 
microprocessor which supports modern programming techniques 
such as position independence, reentrancy, and modular 
programming. 

This third-generation addition to the HMCS6800 family has 
major architectural improvements which include additional 
registers, instructions and addressing modes. 

The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6809E 
has the most complete set of addressing modes available on any 
8-bit microprocessor today. (DP-40) 

The HD6809E has hardware and software features which 
make it an ideal processor for higher level language execution 
or standard controller applications. External clock inputs are 
provided to allow synchronization with peripherals, systems or 
other MPUs. 

HD6800 COMPATIBLE 

@ Hardware — Interfaces with All HMCS6800 Peripherals 

@ Software — Upward Source Code Compatible Instruction Set 
and Addressing Modes 

ARCHITECTURAL FEATURES 

Two 16-bit Index Registers 

Two 16-bit Indexable Stack Pointers 

Two 8&bit Accumulators can be Concatenated to Form One 

16-Bit Accumulator 

Direct Page Register Allows Direct Addressing Throughout 

Memory 

HARDWARE FEATURES 

External Clock Inputs, E and QO, Allow Synchronization 

TSC Input Controls Internal Bus Buffers 

LIC Indicates Opcode Fetch 

AVMA Allows Efficient Use of Common Resources in A 

Multiprocessor System 

BUSY is a Status Line for Multiprocessing 

Fast Interrupt Request Input Stacks Only Condition Code 

Register and Program Counter 

@ Interrupt Acknowledge Output Allows Vectoring By Devices 

@ SYNC Acknowledge Output Allows for Synchronization to 

External Event 
@ Single Bus-Cycle RESET 
Single 5-Volt Supply Operation 
NMI Blocked After RESET Until After First Load of Stack 
Pointer = 
Early Address Valid Allows Use With Slower Memories (Top View) 
Early Write-Data for Dynamic Memories 
SOFTWARE FEATURES 
10 Addressing Modes 
* HMCS6800 Upward Compatible Addressing Modes 
* Direct Addressing Anywhere in Memory Map 
+ Long Relative Branches 
* Program Counter Relative 
* True Indirect Addressing 
* Expanded Indexed Addressing: 

0, 5, 8, or 16-bit Constant Offsets 
8, or 16-bit Accumulator Offsets 


HD6809EP, HD68A09EP, HD68BO9EP 





Auto-Increment/Decrement by 1 or 2 
Improved Stack Manipulation 
1464 Instruction with Unique Addressing Modes 
8 x 8 Unsigned Multiply 
16-bit Arithmetic 
Transfer/Exchange All Registers 
Push/Pull Any Registers or Any Set of Registers 
Load Effective Address 


PIN ARRANGEMENT 
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# ABSOLUTE MAXIMUM RATINGS 


Item Value oO Unit 
Supply Voltage —0.3 ~ +7.0 — V 
Input Voltage —0.3 ~ +7.0 | V 
Operating Temperature Range —20 ~ +75 . 


Cc 
Storage Temperature Range Tstg —55 ~ +150 °c 


* With respect to Vss (SYSTEM GND) 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended 
operating conditions. !f these conditions are exceeded, it could affect reliability of LSI. 


® RECOMMENDED OPERATING CONDITIONS 
unit 
Supply Voltage 

Logic, Q, RE Vie * 


a 
3 
i 


<j;<l<j<j< 


* With respect to Vss (SYSTEM GND) 


~~ 
: 
° 
O 





# ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5.0V +5%, Vss = OV, Ta = -20 ~ +75°C, unless otherwise noted.) 


Item Symbol! Test Condition 


a 


2 


= m 
a]e]8] 18] 4 le] | | | lies eee lea al 
| < 


BEE 


Unit 


<i< 
GED 


alsP] Pye Ty TELE TS dale lela laa e lee 


<j< 


Input “High” Voltage 


< 
rr) 
rs) 
< 
92 
re) 


< 


=z rit 
a 2 


é 
b 


als] fy |i] ELE LE falblelel 


Logic, Q, RES 


Ss 
r 


Input “Low” Voltage 


< 
BORUEE 


2 
co 


Vv —0.3 


Vin =0~5.25V, 
Verner [ve 


Logic, Q, RES 


Input Leakage Current 


= 
é 
a 
re) 


EBibl<i< 





G 
na 


AVMA, BUSY 
Frequency of Operation 


2 


Three-State (Off State) Do ~ D+ 


Vin = 0,4 ~ 2.4V, 
Input Current 


Vcc = max 


BUR ESOREO ER Ge ROOM ee, 

% 
<jci< 

eel] = 8] fe] | | | alee fe lees 


Pa Load = —205uA, 
suai a! Load = —145yA, 
Output “High” Voltage | Ag ~ Ais, R/W Vou Vv 
BA, BS, LIC, Load = —100LA, 
AVMA, BUSY Vee = min 
' = 
Output “Low” Voltage a ow ies Vv 
Pover Dato oe : 
Do ~ D7, Logic 
Oe Vin = OV, oF 
Input Capacitance Input, Q, RES Ta= 25°C, 
eo f = IMHz ee pF 
Ao ~ Ais, RW, Vin = OV, 
Output Capacitance BA, BS, LIC, Ta=25 C, 
f = 1MHz 


Ao ~ Ais, RW 
* Ta = 25°C, Voc = 5V 
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@® AC CHARACTERISTICS (Vcc = 5.0V +5%, Vg = OV, Ta = -20 ~ +75°C, unless otherwise noted.) 
READ/WRITE TIMING 


Test HD6809E HD68A09E HD68BO9E 
si Pax [rin | typ | ee 
Cycle Time 10000 | 667 ns 


Peripheral Read Access Times A 
tcyc — tef — taD — tpsSR = tacc ACC 


B-S 
> 
oO 


ns 








Data Setug Time (Read) ns 


Input Data Hold Time ns 


ns 
ns 


ip e ° 
Address Hold Time tare © bis 
(Address, R/W) ns 


Ta=0~+75°C 
Output Data Hold Time : 
Ta=-20~0°C 





Address Delay 


Data Delay Time (Write) | tppw 
E Clock “Low” tPWEL 


ns 





ns 
7~ 10 


14 and 17 ns 


E Clock “High” (Measured at ViH) ns 


leet | eles ielele 
BUSH RG RGR BERED 


E Ruse and Fall Time ter, tef ns 


ns 


OQ Rise and Fall Time 


E ‘Low’ to Q Rising | tear 


ns 


ns 


Q “High” to E Rising ns 


BP e ere eer ree 
ne] 


BEOOCEERR ERD OUOUGOR ORDO ED 
8 


E ‘“’High’’ to O Falling ns 


N 
see] 


Q “‘Low” to E Falling 


Interrupts HALT, RES and TSC Setup Time 
TSC Drive to Valid Logic Levels 
TSC Release MOS Buffers to High Impedance 
TSC Three-State Delay 
Control Delay (BUSY, LIC) 
Control Delay (AVMA*) 


Processor Control! Rise/Fall tpcr. tpcf 
TSC Input Delay 


* AVMA drives a not-valid data before providing correct output, so spec tcp max = 270 nsec (HDG8A09E) and 240 nsec (HD68BO09E) are applied to 
this signal. When this delay time causes a problem in user’s application, please use D-type latch to get stable output. 


Peete dee 


Q 


ns 


ns 


ns 


ns 


enaainanand 


ns 


-* 
< 


ns 


ns 


ns 


ns 


BOG 
| #3] 3] 9/8 |@ 
Doguoue 





AVMA YNotValidff _—xGNot ValidZ 
} tco 
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teyc 





E 
‘ | 
| a 
Addr. 2.4V Se KS 
nest Tox 
taD tacc tosr 
. = eae Vin 
SS Data 
Data = <Q sind SS 
tcp ; 


SSS Not Valid 


* Hold time for BA, BS not specified 





(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘‘High’’ = Vipin and logic “Low’’ = Vit max unless otherwise specified. 


Figure 1 Read Data from Memory or Peripherals 


R/W 


Addr. 
BA, BS* 


Data 


BUSY, 
LIC, 
AVMA 





* Hold time for BA, BS not specified 
(NOTE) Waveform measurements for all inputs and outputs are specified at logic “High’’ = Vjpimin and logic “Low” = Vit max unless otherwise specified. 


Figure 2 Write Data to Memory or Peripherals 
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Figure 3 HD6809E Expanded Block Diagram 


octad = PROGRAMMING MODEL 
As shown in Figure 5, the HD6809E adds three registers to 
RL=2.2k2 the set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second 
Pes Bas Index Register. 
e - @ Accumulators (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 

C = 30 pF for BA, BS, LIC, AVMA, BUSY Register, and is formed with the A Register as the most 
130 pF for Dp ~D, significant byte. 
90 pF for Ao ~Ais, RW Peel tens 
= 3 @ Direct egister 
é ae re oe RW The Direct Page Register of the HD6809E serves to enhance 
24 kQ for BA, BS, LIC, AVMA, BUSY the Direct Addressing Mode. The content of this register 


appears at the higher address outputs (Ag ~ As) during direct 
addressing instruction execution. This allows the direct mode 
to be used at any place in memory, under program control. 
To ensure HD6800 compatibility, all bits of this register are 
Figure 4 Bus Timing Test Load Cleared during Processor Reset. 


All diodes are 1$2074(H) or equivalent. 
C includes stray capacitance. 
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X — Index Register 


Y — Index Register 


U — User Stack Pointer 


S — Hardware Stack Pointer 


PC 
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Pointer Registers 


Program Counter 


Accumulators 


: 0 
Direct Page Register 

u 0 

lefelHii{nizivic CC — Condition Code Register 


Figure 5 Programming Model of The Microprocessing Unit 


@ Index Registers (X, Y) 

The Index Registers are used in indexed mode of addressing. 
The 16-bit address in this register takes part in the calculation 
of effective addresses. This address may be used to point to 
data directly or may be modified by an optional constant or 
register offset. During some indexed modes, the contents of 
the index register are incremented or decremented to point to 
the next item of tabular type data. All four pointer registers 
(X, Y, U, S) may be used as index registers, 


@ Stack Pointer (U, S) 

The Hardware Stack Pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The User 
Stack Pointer (U) is controlled exclusively by the programmer 
thus allowing arguments to be passed to and from subroutines 
with ease. The U-register is frequently used as a stack marker. 
Both Stack Pointers have the same indexed mode addressing 
capabilities as the X and Y registers, but also support Push and 
Pull instructions. This allows the HD6809E to be used effi- 
ciently as a stack processor, greatly enhancing its ability to 
support higher level languages and modular programming. 


(NOTE) The stack pointers of the HD6809E point to the top 
of the stack, in contrast to the HD6800 stack pointer, 
which pointed to the next free location on stack. 


@ Program Counter (PC) 

The Program Counter is used by the processor to point to 
the address of the next instruction to be executed by the 
processor. Relative Addressing is provided allowing the Program 
Counter to be used like an index register in some situations. 


®@ Condition Code Register (CC) 
The Condition Code Register defines the state of the 
processor at any given time. See Figure 6. 


Carry 
Overfiow 
Zero 
Negative 
IRQ Mask 
Half Carry 
FIRQ Mask 
Entire Flag 





Figure 6 Condition Code Register Format 


= CONDITION CODE REGISTER DESCRIPTION 


@ Bit 0 (C) 

Bit O is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a ‘borrow’ from 
subtract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 


@ Bit 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an operation 
which causes a signed two’s complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
from the MSB in the ALU does not match the carry from the 
MSB-1. 


@ Bit 2 (Z) 
Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 


@ Bit 3 (N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 
negative two’s-complement result will leave N set to a one. 
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@ Bit 4 (I) 

Bit 4 is the IRQ mask bit. The processor will not recognize 
interrupts from the IRQ line if this bit is set to a one. NMI, 
FIRQ, IRO, RES and SWI all set I to a one; SWI2 and SWI3 
do not affect I. 


@ Bit 5 (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of this 
flag is undefined in all subtract-like instructions. 


@ Bit 6 (F) 

Bit 6 is the FIRQ mask bit. The processor will not recognize 
interrupts from the FIRQ line if this bit is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IRQ, SWI2 and SWI3 do not 
affect F. 


@ Bit 7 (E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents past action. 


= HDGS09E MPU SIGNAL DESCRIPTION 


@ Power (Vss, Vcc) 
Two pins are used to supply power to the part: Vss is 
ground or 0 volts, while Vcc is +5.0 V +5%. 


@ Address Bus (A, ~ A;;) 

Sixteen pins are used to output address information from 
the MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF,,, R/W = “High”, and BS = “Low”; this is a “dummy 
access” or VMA cycle. All address bus drivers are made high- 
impedance when output Bus Available (BA) is “High” or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LS TTL loads, and 90 pF. Refer to Figures 1 and 2. 





@ Data Bus (Dy) ~ D;) 

These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and 130 pF. 


@ Read/Write (R/W) 

This signal indicates the direction of data transfer on the 
data bus. A “Low” indicates that the MPU is writing data onto 
the data bus. R/W is made high impedance when BA is “High” 
or when TSC is asserted. Refer to Figures 1 and 2. 


e@ RES 

A “Low” level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 7. The 
Reset vectors are fetched from locations FFFE,, and FFFFi¢ 
(Table 1) when Interrupt Acknowledge is true, (BA - BS = 1). 
During initial power-on, the Reset line should be held “Low” 
until the clock input signals are fully operational. 

Because the HD6809E Reset pin has a Schmitt-trigger input 
with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 


This higher threshold voltage ensures that all peripherals are 
out of the reset state before the Processor. 


Table 1 Memory Map for Interrupt Vectors 


Memory Map for Vector 
Locations 


Interrupt Vector 
Description 


Reserved 





@ HALT 

A “Low” level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output 
is driven “High” indicating the buses are high impedance. BS 
is also “High” which indicates the processor is in the Halt state. 
While halted, the MPU will not respond to external real-time 
requests (FIRQ, IRQ) although NMI or RES will be latched 
for later response. During the Halt state Q and E should 
continue to run normally. A halted state (BA « BS = 1) can be 
achieved by pulling HALT “Low” while RES is still “Low”. See 
Figure 8. 


@ Bus Available, Bus Status (BA, BS) 

The Bus Available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. When BA goes “Low’”’, a dead cycle will elapse before 
the MPU acquires the bus. BA will not be asserted when TSC 
is active, thus allowing dead cycle consistency. 


The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 











MPU State 





MPU State Definition 


Normal (Running) 
Interrupt or RESET Acknowledge 
SYNC Acknowledge 
HALT Acknowledge 


--00 





Interrupt Acknowledge is indicated during both cycles of a 
hardware-vector-fetch (RES, NMI, FIRO, IRQ, SWI, SWI2, 
SWI3). This signal, plus decoding of the lower four address 
lines, can provide the user with an indication of which interrupt 
level is being serviced and allow vectoring by device. See Table 


Sync Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 

Halt Acknowledge is indicated when the HD6809E is in a 
Halt condition. 
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n+4 n+6 n+9 n+10 
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address WYK X___X__X__ XXX XXX OX XXX XXX XXX XD 


SFFFE SFFFE $FFFE $FFFE $FFFE $FFFF SFFFF New PC New PC+ $FFFE $FFFE $FFFE SFFFE $FFFF SFFFF New PC 


pata WK XXX XXX FX XXX EF*X EX FX "=X FT" F**K TX) 


New PCy, New PC, VMA 1st Opcode New PCy, New PC, VMA 
BA ANY \ 


BS 


Mua NL ee ey 
BUSY i J Sn See) ae) eae GERD ee eg 
LIC AN or aaa CEN Reis) (Caany oem Gate, EES Eennee ee ee —— 


(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘‘High’’ = V jpmin and logic “Low” = Vi; max unless otherwise specified. 





Figure 7 RES Timing 
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(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘‘High” = Vipmin and logic “Low” = Vi; max unless otherwise specified. 


Figure 8 HALT and Single Instruction Execution for System Debug 
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@ Non Maskable Interrupt (NMI)* 

A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRQ, IRQ or software interrupts. During 
recognition of an NMI, the entire machine state is saved on 
the hardware stack. After reset, an NMI will not be recognized 
until the first program load of the Hardware Stack Pointer (S). 
The pulse width of NMI low must be at least one E cycle. If 
the NMI input does not meet the minimum set up with respect 
to Q, the interrupt will not be recognized until the next cycle. 
See Figure 9. 


@ Fast-Interrupt Request (FIRQ)* 

A “Low” level on this input pin will initiate a fast interrupt 
sequence, provided its mask bit (F) in the CC is clear. This 
sequence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Figure 10. 


@ Interrupt Request (IRQ)* 

A “Low” level input on this pin will initiate an Interrupt 
Request sequence provided the mask bit (I) in the CC is clear. 
Since IRQ stacks the entire machine state it provides a slower 
response to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear 
the source of the interrupt before doing an RTI. See Figure 9. 


* NMI, FIRO, and FRO requests are sampled on the falling edge of Q. 
One cycle is required for synchronization before these interrupts are 
recognized, The pending interrupt(s) will not be serviced until 
completion of the current instruction unless a SYNC or CWAI 
condition is present. If IRQ and FIRQ do not remain “Low” until 
completion of the current instruction they may not be recognized. 
However, NMI 1s latched and need only remain “‘Low” for one cycle. 








@ Clock Inputs E, Q 

E and Q are the clock signals required by the HD6809E. 
Q must lead E; that is, a transition on Q must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, tap after the falling edge of E, and 
data will be latched from the bus by the falling edge of E. 
While the Q input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires levels above 
normal TTL levels. This approach minimizes clock skew 
inherent with an internal buffer. Timing and waveforms for E 
and Q are shown in Figures 1 and 2 while Figure 11 shows a 
simple clock generator for the HD6809E. 


e BUSY 
Busy will be “High” for the read and modify cycles of a read- 
modify-write instruction and during the access of the first byte 
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of a double-byte operation (e.g., LDX, STD, ADDD). Busy is 
also “High” during the first byte of any indirect or other vector 
fetch (e.g., jump extended, SWI indirect etc.). 

In a multi-processor system, busy indicates the need to 
defer the rearbitration of the next bus cycle to insure the 
integrity of the above operations. This difference provides the 
indivisible memory access required for a “‘test-and-set” primi- 
tive, using any one of several read-modify-write instructions. 

Busy does not become active during PSH or PUL operations. 
A typical read-modify-write instruction (ASL) is shown in 
Figure 12. Timing information is given in Figure 13. Busy is 
valid top after the rising edge of Q. 


e AVMA 

AVMA is the Advanced VMA signal and indicates that the 
MPU will use the bus in the following bus cycle. The predictive 
nature of the AVMA signal allows efficient shared-bus multi- 
processor systems. AVMA is “Low” when the MPU is in either a 
HALT or SYNC state. AVMA is valid tcp after the rising edge 
of Q. 


e LIC 

LIC (Last Instruction Cycle) is “High” during the last cycle 
of every instruction, and its transition from “High” to ““Low” 
will indicate that the first byte of an opcode will be latched at 
the end of the present bus cycle. LIC will be “High” when the 
MPU is Halted at the end of an instruction, (i.e., not in CWAI or 
RESET) in SYNC state or while stacking during interrupts. 
LIC is valid top after the rising edge of Q. 


e TSC 

TSC (Three-State Control) will cause MOS address, data, 
and R/W buffers to assume a high-impedance state. The control 
signals (BA, BS, BUSY, AVMA and LIC) will not go to the 
high-impedance state. TSC is intended to allow a single bus to 
be shared with other bus masters (processors or DMA con- 
trollers). 

While E is “Low”, TSC controls the address buffers and R/W 
directly. The data bus buffers during a write operation are ina 
high-impedance state until Q rises at which time, if TSC is 
true, they will remain in a high-impedance state. If TSC is held 
beyond the rising edge of E, then it will be internally latched, 
keeping the bus drivers in a high-impedance state for the 
remainder of the bus cycle. See Figure 14. 


@ MPU Operation 

During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. This 
sequence begins after RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft- 
ware instructions that alter normal MPU operation are: SWI, 
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt or HALT 
input can also alter the normal execution of instructions. 
Figure 15 illustrates the flow chart for the HD6809E. 
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(NOTE) Waveform measurements for all inputs and outputs are specified at logic “High” = Vitamin and logic “’Low’’ = Vit may unless otherwise specified. 
E clock shown for reference only. 


Figure 9 IRQ and NMI Interrupt Timing 
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(NOTE) Waveform measurements for all inputs and outputs are specified at logic “High” = Vipmin and logic “Low” = Vit max unless otherwise specified. 
E clock shown for reference only. 


Figure 10 FIRQ Interrupt Timing 
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Optional 
MRDY Circuit 


z 
xD 
we] 
J 


r---- 
| 
| 
| 
| 


C> Q to System and Processor 
[> E to System 
L_> E to Processor 
+5V 
4xfo NOTE (f optional circuit is not included the CLR and PRE 
inputs of U2 and U3 must be tied high. 
E 
Q 
MRDY 
STRETCH 





Figure 11 HD6809E Clock Generator 


Memory Memory ; 
Location Contents Contents Description 


ASL Indexed Opcode 
Extended indirect Postbyte 
Indirect Address Hi-Byte 
Indirect Address Lo-Byte 


Next Main Instruction 


Effective Address Hi-Byte 
Effective Address Lo-Byte 


Target Data 





Figure 12 Read Modify Write Instruction Example (ASL Extended Indirect) 
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(NOTE) Waveform measurements for all inputs and outputs are specified at logic “High” = Vipmin and logic “Low” = Vitmax unless otherwise specified. 


Figure 13 BUSY Timing (ASL Extended Indirect Instruction) 


Tsc 


R/W Addr 





MPU Data 


(NOTES) Data will be asserted by the MPU only during the interval while R/W is “Low” and E or Q is “High’’. ; 
Waveform measurements for all inputs and outputs are specified at logic “High” = Vipmin and logic “Low” = Vitmex unless otherwise specified. 


Figure 14 TSC Timing 
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(NOTES) 1. Asserting RES will result in entering the reset 
sequence from any point in the flow chart. 


CWA! 
HDG6S8O9E Interrupt Structure 
2. BUSY is “High” during first vector fetch cycle. 


Figure 15 Flowchart for HD6809E Instruction 
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= ADDRESSING MODES 
The basic instructions of any computer are greatly enhanced 

by the presence of powerful addressing modes. The HD6809E 
has the most complete set of addressing modes available on 
any microcomputer today. For example, the HD6809E has 59 
basic instructions; however, it recognizes 1464 different varia- 
tions of instructions and addressing modes. The addressing 
modes support modern programming techniques. The following 
addressing modes are available on the HD6809E: 
(1) Implied (Includes Accumulator) 
(2) Immediate 
(3) Extended 
(4) Extended Indirect 
(5) Direct 
(6) Register 
(7) Indexed 

Zero-Offset 

Constant Offset 

Accumulator Offset 

Auto Increment/Decrement 
(8) Indexed Indirect 
(9) Relative 
(10) Program Counter Relative 


@ implied (Includes Accumulator) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 


@ immediate Addressing 
In Immediate Addressing, the effective address of the data 

is the location immediately following the opcode (i.e., the data 
to be used in the instruction immediately follows the opcode 
of the instruction). The HD6809E uses both 8 and 16-bit 
immediate values depending on the size of argument specified 
by the opcode. Examples of instructions with immediate 
Addressing are: 

LDA #$20 

LDX #$F000 

LDY #CAT 


(NOTE) # signifies immediate addressing, $ signifies hexa- 
decimal value. 


@ Extended Addressing 
In Extended Addressing, the contents of the two bytes im- 

mediately following the opcode fully specify the 16-bit effective 
address used by the instruction. Note that the address generated 
by an extended instruction defines an absolute address and is 
not position independent. Examples of Extended Addressing 
include: 

LDA CAT 

STX MOUSE 

LDD $2000 


@® Extended Indirect 

As a special case of indexed addressing (discussed below), 
one level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 


LDA [CAT] 
LDX [$FFFE] 
STU [DOG] 
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@ Direct Addressing 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower 8 bits of the address to be used. The upper 
8 bits of the address are supplied by the direct page register. 
Since only one byte of address is required in direct addressing, 
this mode requires less memory and executes faster than 
extended addressing. Of course, only 256 locations (one page) 
can be accessed without redefining the contents of the DP 
register. Since the DP register is set to $00 on Reset, direct 
addressing on the HD6809E is compatible with direct addressing 
on the HD6800. Indirection is not allowed in direct addressing. 
Some examples of direct addressing are: 


LDA = $30 

SETDP $10 (Assembler directive) 
LDB $1030 

LDD <CAT 


(NOTE) < is an assembler directive which forces direct 
addressing. 


@ Register Addressing 
Some opcodes are followed by a byte that defines a register 

or set of registers to be used by the instruction. This is called a 
postbyte. Some examples of register addressing are: 

TFR X,Y Transfer X into Y 

EXG A,B Exchanges A with B 

PSHS’ A,B, X,Y Push Y, X, B and A onto S 

PULU X,Y,D _ Pull D, X, and Y from U 


@ indexed Addressing 

In all indexed addressing, one of the pointer registers (X, Y, 
U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five 
basic types of indexing are available and are discussed below. 
The postbyte of an indexed instruction specifies the basic type 
and variation of the addressing mode as well as the pointer 
register to be used. Figure 16 lists the legal formats for the 
postbyte. Table 2 gives the assembler form and the number of 
cycles and bytes added to the basic values for indexed 
addressing for each variation. 


Post-Byte Register Bit haan 
7] e[s[s[s]2]i]o} Mode 
ofririalal ala] al  ecA=,R+5B0 Ofte 
1{trRi{r}olfolo]o] o| R+ 
1fralir}{sfolofol 1 R++ 
1{R{[R{ofolfo]1]o| AR 
ttrirR{ fotolia .--R 
1{Rir{sjolsfolo. EA = R + 0 Offset 
1trirl] i folrfol[1]  eA=.R+ ACCce Offer 
1tri[r{sfol{s[1[ol  eAa=,R+Acca Offer 
rjriri«jifolo] ol! EA =,R +8 Bit Offset 
rirafal [sr folols|  ca=.A+ 16 Bu Ofte 
ttafeyifisfotis | EA = R + D Offset 
tix[xt elit to] oo]  €Aa=Pc+8 Bit Otter 
toixtxfeta trols]  EA= c+ 16 Bit Offset 
TERRE eats irs) EA = [ Address] 
Neer nomena Neem! Nnpapiemenngsmennca sone! 
| nee Addressing Mode Fieid 
Indirect Fieid 
(Sigh bit when b?7 = 0) 
Register Field RR 
00 = X 
x = Don't Care 01 = Y 
d = Offset Bit 17 . - 
“ i = Non indirect 
"(1 = indirect 


Figure 16 Index Addressing Postbyte Register Bit Assignments 
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Table 2 Indexed Addressing Mode 


Assembler 
Form 

CR | 1RR00100 

[—n,R | _1RR01000 


Type 


Constant Offset From 

(2’s Complement Offsets) 5 Bit Offset 
8 Bit Offset 
16 Bit Offset 


Accumulator Offset From R 
(2’s Complement Offsets) 


Auto Increment/Decrement R Increment By 1 
Increment By 2 
Decrement By 1 
Decrement By 2 
8 Bit Offset 
16 Bit Offset 


16 Bit Address 


Constant Offset From PC 


(2's Complement Offsets) n. PCR 


Extended Indirect 


R=X,Y,UorS RR: 
x = Don’t Care 00 = X 
01=Y 
10=U 
11=S 


0 fo | 
1 [0 
oe 
4 {2 | 
A Register Offset | A,R | 1RROO110 | 1/0 | 
B Register Offset | 8, R | 1RROOIOI [1/0 
D Register Offet | _D.R | 1AROTOTI [4] 0” 
[A+ | 100000 [2[0[ __notallowed 

[TR++ [100001 [3 [0 
[=a | 1RRo0010_[2]0| 
[a= R | 1RRo001T [30 

i 

e3 


Indirect 


OP Code 
[tri | 4RR10100— 
[ins R} [111000 
| fm, R) | 1RR11001 | 7 
| TAR} | 1RR10110_| 
[—e,R} | 1RRI0101 | 
| fb, | 1RR11011_| 


Assembler 
Form 


Postby te 
OP Code 


+/+ 
~|# 


© ltt + 


1RRO1001 


© 


1RR 10007 

TE==RI | 1nRt0017 [60 

Cte, PORT | txet 1100 [4] 
2 


| txxt1101_| 8) 
Eeoriny | 8/2. 


| fol [yiafetsfal [ole + | 
Oo};O;O;N| = 


Zand} indicate the number of additional cycles and bytes for the particular variation. 


Zero-Offset Indexed 
In this mode, the selected pointer register contains the 
effective address of the data to be used by the instruction. 
This is the fastest indexing mode. 
Examples are: 
LDD_ 0,X 
LDA S§ 


Constant Offset Indexed 
In this mode, a two’s-complement offset and the contents 
Of, one of the pointer registers are added to form the effective 
adress of the operand. The pointer register’s initial content is 
unchanged by the addition. 


Three sizes of offsets are available: 
5-bit (—16 to +15) 
8-bit (—128 to +127) 
16-bit (—-32768 to +32767) 


The two’s complement 5-bit offset is included in the post- 
byte and, therefore, is most efficient in use of bytes and cycles, 
The two’s complement 8-bit offset is contained in a single byte 
following the postbyte. The two’s complement 16-bit offset is 
in the two bytes following the postbyte. In most cases the 
programmer need not be concerned with the size of this offset 
since the assembler will select the optimal size automatically. 


Examples of constant-offset indexing are: 
LDA 23,X 
LDX -2,S 


LDY 
LDU 


300, X 
CAT, Y 


Accumulator-Offset Indexed 

This mode is similar to constant offset indexed except that 
the two’s-complement value in one of the accumulators (A, B 
or D) and the contents of one of the pointer registers are added 
to form the effective address of the operand. The contents of 
both the accumulator and the pointer register are unchanged 
by the addition. The postbyte specifies which accumulator to 
use as an offset and no additional bytes are required. The 
advantage of an accumulator offset is that the value of the 
offset can be calculated by a program at run-time. 

Some examples are: 


LDA B,Y 
LDX D,Y 
LEAX B,X 


Auto Increment/Decrement Indexed 

In the auto increment addressing mode, the pointer register 
contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This addressing 
mode is useful in stepping through tables, moving data, or 
for the creation of software stacks. In auto decrement, the 
pointer register is decremented prior to use as the address of 
the data. The use of auto decrement is similar to that of auto 
increment; but the tables, etc., are scanned from the high to 
low addresses, The size of the increment/decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer. The pre- 
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decrement, post-increment nature of these modes allow them 
to be used to create additional software stacks that behave 
identically to the U and S stacks. 

Some examples of the auto increment/decrement addressing 
modes are: 


LDA ,Xt 
STD ,Y++ 
LDB_ ,-Y 
LDX ,--S 


Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 

STX 0, X + + (X initialized to 0) 
The desired result is to store a 0 in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 

0 > temp calculate the EA; temp is a holding register 

X+2>X perform autoincrement 

X—(temp) do store operation 


@ Indexed Indirect 
All of the indexing modes with the exception of auto 

increment/decrement by one, or a +4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index Register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index Register and an 
offset. 

Before Execution 

A = XX (don’t care) 


X = $F000 
$0100 LDA [$10, X] EA is now $F010 
$FO1O $F1 $F 150 is now the 
$FO11 $50 new EA 
$F1SO SAA 


After Execution 
A= $AA (Actual Data Loaded) 
X = $F000 


All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 1 
indirect). Some examples of indexed indirect are: 


LDA [,X] 
LDD [10, S] 
LDA [B, Y] 


LDD [,X++] 


@ Relative Addressing 
The byte(s) following the branch opcode is (are) treated as 
a signed offset which may be added to the program counter. 
If the branch condition is true then the calculated address 
(PC + signed offset) is loaded into the program counter. 
Program execution continues at the new location as indicated 
by the PC; short (1 byte offset) and long (2 bytes offset) 
relative addressing modes are available. All of memory can be 
reached in long relative addressing as an effective address is 
interpreted modulo 27°, Some examples of relative addressing 
are: 
BEQ CAT 
BGT DOG 


(short) 
(short) 


CAT LBEQ RAT (long) 


DOG LBGT RABBIT (long) 
RAT NOP 
RABBIT NOP 


@ Program Counter Relative 
The PC can be used as the pointer register with 8 or 16-bit 

signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 

LDA CAT,PCR 

LEAX TABLE, PCR 


Since program counter relative is a type of indexing, an 
additional level of indirection is available. 
LDA —_[CAT, PCR] 
LDU = [DOG, PCR] 


= HDGS09E INSTRUCTION SET 

The instruction set of the HD6809E is similar to that of the 
HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different 
addressing modes) has risen from 197 to 1464, 

Some of the new instructions are described in detail below: 


@ PSHU/PSHS 

The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 


@ PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence 
is fixed; each bit defines a unique register to push or pull, as 
shown in below. 


PUSH/PULL POST BYTE 


< Pull Order Push Order > 
PC U YY X DP B A_ CC 
FFFF ....... < increasing memory address ....... 0000 
PC S Y xX DP B A_ CC 
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@ TFR/EXG 

Within the HD6809E, any register may be transferred to or 
exchanged with another of like-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4~7 of postbyte define the source register, while 
bits O~3 represent the destination register. These are denoted 
as follows: 


0000 — D 0101 — PC 
0001 — X 1000 —A 
0010 —Y 1001 —B 
0011—U 1010 —CC 
0100 —S 1011 — DP 


(NOTE) All other combinations are undefined and INVALID. 


TRANSFER/EXCHANGE POST BYTE 


@ LEAX/LEAY/LEAU/LEAS 

The LEA (Load Effective Address) works by calculating the 
effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in a pointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 3. 

The LEA instruction also allows the user to access data in 
a position independent manner. For example: 


LEAX MSG1, PCR 
LBSR PDATA (Print message routine) 
MSGI FCC ‘MESSAGE’ 


This sample program prints: ‘MESSAGE’. By writing MSGI, 
PCR, the assembler computes the distance between the present 
address and MSG1. This result is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSG1 into the X pointer register. This 
code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAa, bt (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1.b—>temp (calculate the EA) 

2.b+1+b (modify b, postincrement) 

3. temp->a_ (load a) 


LEAa, — b 

1. b— 1->temp (calculate EA with predecrement) 
2.b—1—>b (modify b, predecrement) 

3. temp >a (load a) 


Autoincrement-by-two and autodecrement-by-two instruc- 
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAX, —X does decrement X. LEAX 1, X should be 
used to increment X by one. 


Table 3 LEA Examples 


X+10 >X 
X +500-> X 
Y+tA -~Y 
Y+D -Y 
U—-10 -U 
S-—-10-S 
$+10-S 
S$+5 —->xX 




















Instruction 


LEAX 10, X 
LEAX 500, X 
LEAY A,Y 
LEAY D,Y 
LEAU —10, U 
LEAS -10,S 
LEAS 10,S 
LEAX 5,S 





Comment 


Adds 5-bit constant 10 to X 
Adds 16-bit constant 500 to X 
Adds 8-bit A accumulator to Y 
Adds 16-bit D accumulator to Y 
Subtracts 10 from U 

Used to reserve area on stack 
Used to ‘clean up’ stack 
Transfers as well as adds 














@ MUL 

Multiplies the unsigned binary numbers in the A and B 
accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple- 
precision multiplications. 


Long and Short Relative Branches 

The HD6809E has the capability of program counter 
relative branching throughout the entire memory map. In this 
mode, if the branch is to be taken, the 8 or 16-bit signed offset 
is added to the value of the program counter to be used as the 
effective address. This allows the program to branch anywhere 
in the 64k memory map. Position independent code can be 
easily generated through the use of relative branching. Both 
short (8-bit) and long (16-bit) branches are available. 


e@ SYNC 

After encountering a Sync instruction, the MPU enters a 
Sync state, stops processing instructions and waits for an 
interrupt. If the pending interrupt is non-maskable (NMI) or 
maskable (FIRQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Sync state and perform the normal 
interrupt stacking and service routine. Since FIRQ and IRQ 
are not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the interrupt will 
be taken. If the pending interrupt is maskable (FIRQ, IRQ) 
with its mask bit (F or I) set, the processor will clear the Sync 
state and continue processing by executing the next inline 
instruction. Figure 17 depicts Sync timing. 





Software Interrupts 

A Software Interrupt is an instruction which will cause an 
interrupt, and its associated vector fetch. These Software 
Interrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and software 
development systems. Three levels of SWI are available on this 
HD6809E, and are prioritized in the following order: SWI, 
SWI12, SWI3. 


16-Bit Operation 

The HD6809E has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes and pulls. 


= CYCLE-BY-CYCLE OPERATION 

The address bus cycle-by-cycle performance chart illustrates 
the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6809E. Each 
instruction begins with an opcode fetch. While that opcode is 
being internally decoded, the next program byte is always 
fetched. (Most instructions will use the next byte, so this 
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of each opcode will follow the flow chart. VMA is an indication 
of FFFF,, on the address bus, R/W = “‘High’’ and BS = “‘Low”’. 
The following examples illustrate the use of the chart; see 
Figure 18. 
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Example 2: DEC (Extended) 


$8000 DEC $A000 
$A000 FCB $80 


CYCLE-BY-CYCLE FLOW 





Example 1: LBSR (Branch Taken) Cycle# Address Data R/W Description 
Before Execution SP = F000 1 8000 TA 1 Opcode Fetch 
2 8001 AO 1 Operand Address, 
High Byte 
3 8002 00 1 Operand Address, 
: Low Byte 
$8000 LBSR CAT 4 FFFF * 1 VMA Cycle 
: 5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 7F 0 Store the Decre- 
$A000 CAT 5 mented Data 
CYCLE-BY-CYCLE FLOW * The data bus has the data at that particular address. 
Cycle# Address Data R/W Description = HDG809E INSTRUCTION SET TABLES 
1 8000 17 1 Opcode Fetch The instructions of the HD6809E have been broken down 
2 8001 IF 1 Offset High Byte into five different categories. They are as follows: 
3 8002 FD 1 Offset Low Byte 8-Bit operation (Table 4) 
4 FFFF * 1 VMA Cycle 16-Bit operation (Table 5) 
5 FFFF * 1 VMA Cycle Index register/stack pointer instructions (Table 6) 
6 FFFF + 1 VMA Cycle Relative branches (long or short) (Table 7) 
7 FFFF * 1 VMA Cycle Miscellaneous instructions (Table 8) 
8 EFFF 03 0 Stack Low Order 
Byte of Return HD6809E instruction set tables and Hexadecimal Values of 
Address instructions are shown in Table 9 and Table 10. 
9 EFFE 80 0 Stack High Order 
Byte of Return 
Address 
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rp Cycle Pate Last Cycle 
of Previous Opcode of Sync 
instruction, Fetch Execute Syne Acknowledge instruction 


aden _X __X_Pc_ Xerces) : GonoweX X _) 


a0 





(NOTES) 1. If the associated mask bit is set when the interrupt is requested, LIC will go ‘“‘Low” and this cycle will be an instruction fetch from address 
location PC + 1. However, if the interrupt is accepted or an unmasked FIRG or IRQ) LIC will remain “High” and interrupt processing 
will start with this cycle as (m) on Figure 9 and 10 (Interrupt Timing). 


2. If mask bits are clear, TRO and must be held “‘Low” for three cycles to guarantee that interrupt will be taken, although only one cycle 
is necessary to bring the processor out of SYNC. 

3. Waveform measurements for all inputs and outputs are specified at logic ‘High’ = Vitimin and logic “Low” = Vipmex unless otherwise 
specified. 


Figure 17 SYNC Timing 
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Opcode + 
(Note 1) 
2 Bytes Y 
Opcode 
Long Short immediate and ‘Yn 
Branch Branch implied Direct Extended 
Opcode + 
VMA 
Opcode + pat Ee 
ise VMA 
VMA 
Take 
Branch? 
(Note 2) | N 
ADDR 


| Operation 
(Following 
Pages) 





Stack Write 


Stack Write 





(NOTE) 


1. Busy = “High” during access of first byte of double byte immediate load. 


Indexed 
Auto Auto 
Inc/Dec !nc/Dec Opcode + PC+ Extended No 
by 1 by 2 R+16 Bits] R+D 16 Bits Indirect Offset 
Offset 
ACCA 
AcCcB 
R + § Bit 
R +8 Bit 
PC + 8 Bit 
Opcode + Opcode + Opcode + Opcode + 
VMA | 
| VM A VM A V M A 
VMA V V A VMA VMA VMA 
VMA VMA VMA VMA VMA VMA VMA 
VMA 


Y 
: Indirect (H), Busy < 1 





N Indirect (L), Busy < 0 
VMA 
s 
N 
VMA 


2. Write operation during store instruction. Busy = ‘’High’’ during first two cycles of a double-byte access and the first cycle of read-modify-write access. 


3 AVMA 1s asserted on the cycle before a VMA cycle. 


Figure 18 Address Bus Cycle-by-Cycle Performance 
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ASLA 
ASLB 
ASRA 
ASRB 
CLRA 
CLRB 
COMA 
COMB 
DAA 
DECA 
DECB 
INCA 
INCB 


Implied Page 


ABX 


VMA 


LSLA | 
LSLB | 


LSRA 
LSRB 

NEGA 
NEGB 
NOP 


ROLA | 
ROLB 


RORA 
RORB 
SEX 
TSTA 
TSTB 


(NOTES) 


1, Stack (W) refers to the following sequence: SP <— SP — 1, then ADDR < SP with R/W = “Low” 
Stack (R) refers to the following sequence: ADDR < SP with R/W = “High”, then SP <SP + 1. 
PSHU, PULU instructions use the user stack pointer (i.e., SP = U) and PSHS, PULS use the hardware stack pointer (i.e., SP = S). 
2. Vector refers to the address of an interrupt or reset vector (see Table 1). 
. The number of stack accesses will vary according to the number of bytes saved. 
VMA cycles will occur until an interrupt occurs. 
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Swi 


Swi2’ CWAI 


SWwi3 


VMA 


STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 


12 STACK (W) 


STACK (W) 


0 STACK (W) 


STACK (W) 
STACK (W) 
STACK (W) 


ADOR<SP VMA 


VECTOR (H), VECTOR (H), 
BUSY <1 
VECTOR (L), VECTOR (L), 
BUSY <0 


BUSY <1 


BUSY <0 


VMA 


ADDR 
I 
VMA 


STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 


oo 
VMA ; 


(Note 4) 


VMA 


Figure 18 Address Bus Cycle-by-Cycle Performance (Continued) 
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Non-implied 

ADCA LOD ASL TST 

ADCB LDS ASR 

ADDA LDU CLR 

ADDB LDX COM 

ANDA LDY DEC 

ANDB INC 

BITA ANDCC LSL 

BITB ORCC LSR 

CMPA NEG 

CMPB ROL 

EORA ROR 

EORB 

LOA 

LDB 

ORA 

ORB 

SBCA 

SBCB 

STA 

STB 

SUBA 

SUBB VMA, BUSY <1 

ADDR + 
BUSY <0 
VMA 
ADOR + VMA 

Mnemonic(s) 
ADCA, ADCB 
ADDA, ADDB 
ANDA, ANODB 
ASL, ASLA, ASLB 
ASR, ASRA, ASRB 
BITA, BITB 
CLR, CLRA, CLRB 
CMPA, CMPB 
COM, COMA, COMB 
DAA 
DEC, DECA, DECB 
EORA, EORB 
EXG R1, R2 
INC, INCA, INCB 
LDA, LOB 


ADDD JSR STD 

CMPD STS 

CMPS STU 

CMPU STX 

CMPX STY 

CMPY 

SUBD 

VMA (NOTES) 
STACK (W) 1 Stack (W) refers to the following sequence SP € SP — 1, 
STACK (W) then ADDR «SP with R/W = “Low” 
Stack (R) refers to the following sequence ADDR€ with 
R/W = “High”, then SP €- SP + 1 
PSHU, PULU instructions use the user stack pointer (i.e., 
SP = U) and PSHS, PULS use the hardware stack pointer 
(1.e., SP = S) 
2. Vector refers to the address of an interrupt or reset vector 
(see Table 1) 
3 The number of stack accesses will vary according to the 
number of bytes saved. 
ADDR + 4 VMA cycles will occur until an interrupt occurs. 
VMA ADDR + (Ww) 


Figure 18 Address Bus Cycle-by-Cycle Performance (Continued) 


LSL, LSLA, LSLB 


Table 4 8-Bit Accumulator and Memory Instructions 


Operation 
Add memory to accumulator with carry 
Add memory to accumulator 
And memory with accumulator 
Arithmetic shift of accumulator or memory left 
Arithmetic shift of accumulator or memory right 
Bit test memory with accumulator 
Clear accumulator or memory location 
Compare memory from accumulator 
Complement accumultor or memory location 
Decimal adjust A accumulator 
Decrement accumulator or memory location 
Exclusive or memory with accumulator 
Exchange R1 with R2 (R1, R2 =A, B, CC, DP) 
Increment accumulator or memory location 
Load accumulator from memory | 
Logical shift left accumulator or memory location 


(Continued) 
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Mnemonic(s) 


LSR, LSRA, LSRB 


MUL 


NEG, NEGA, NEGB 


ORA, ORB 


ROL, ROLA, ROLB 
ROR, RORA, RORB 


SBCA, SBCB_ 


424 


STA, STB 
SUBA, SUBB 


TST, TSTA, TSTB 


TER R11, R2 


Store accumulator to memory 





Table 4 8-Bit Accumulator and Memory Instructions (Continued) 


_ Operation | 


Logical shift right accumulator or memory location 


Unsigned multiply (AxB>D) 
Negate accumulator or memory _ 
Or memory with accumulator 


poe aera anaes ements ere tenes incense ttisher nee Etat AIC eR ema, Rt fe nae AeA RANA Ae A A dre hs a CEN ee ener 


Rotate accumulator or memory left 
Rotate accumulator or memory right 


Subtract memory from accumulator with borrow 
Subtract memory from accumulator a 
Test accumulator or memory location 

Transfer R1 to R2(R1, R2= A,B, CC, DP) 


ee came ene aa enone eee’ 


(NOTE) A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU 


(PULS, PULU) instructions. 


Table 5 16-Bit Accumulator and Memory Instructions 


ce area erere steamer ANAM 


enn nt eee ET A RR PE NTI Ue IANO 


ee eine nner ne street ty A MRE NAL A RE 


ae RRR henmntetenneneeeemieaeremed 


Mnemonic(s) a ___ Operation 

ADOD Add memory to D accumulator _ 

CMPD Compare memory from D accumulator == 

EXG D,R Exchange D with X, Y, S, U or PC ce 

LOD Load D accumulator from memory ———- 

SEX Sign Extend B accumulator into A accumulator ee 

STD Store D accumulator to memory 

SUBD _ _ Subtract memory from D accumulator 

TFR D,R Transfer D to X, Y, S, U or PC 

TFR R,O Transfer X, Y, S,U or PC to D 

(NOTE) D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) 

instructions. 
Table 6 Index Register Stack Pointer Instructions 
Mnemonic(s) | Operation | 
| CMPS, CMPU Compare memory from stack pointer | 

CMP X, CMPY Compare memory from index register a 
EXG R1, R2 Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 
LEAS, LEAU Load effective address into stack pointer 
LEAX, LEAY Load effective address into index register ——_ 
LDS, LDU Load stack pointer from memory 
LDX, LDY Load index register from memory ee ee 
PSHS Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 
PSHU Push A,B, CC, DP, D, X, Y, S, or PC onto user stack 
PULS “Pull A, B, CC, DP, D, X, Y, U or PC from hardware stack 
PULU Pull A, B, CC, DP, D, X, Y, S or PC from user stack 
STS, STU Store stack pointer to memory = 
STX, STY ~ Store index register to memory 
TFR R1,R2_ Transfer D, X, Y, S, U or PC to D, X, Y, S, Uor PC 
“ABX Add B accumulator to X (unsigned) 
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Table 7 Branch Instructions 


Operation 
SIMPLE BRANCHES 





BEQ, LBEQ Branch if equal 
BNE, LBNE Branch if not equal 
BM!, LBMI Branch if minus 
BPL, LBPL Branch if plus 
BCS, LBCS Branch if carry set 
BCC, LBCC Branch if carry clear 
BVS, LBVS Branch if overflow set 
BVC, LBVC Branch if overflow clear 
SIGNED BRANCHES 
BGT, LBGT Branch if greater (signed) 
BGE, LBGE Branch if greater than or equal (signed) 
BEQ, LBEQ Branch if equal 
BLE, LBLE Branch if less than or equal (signed) 
BLT, LBLT Branch if less than (signed) 
UNSIGNED BRANCHES 
BHI, LBHI Branch if higher (unsigned) 
BHS, LBHS Branch if higher or same (unsigned) 
BEQ, LBEQ Branch if equal 
BLS, LBLS Branch if lower or same (unsigned) 
BLO, LBLO Branch if lower (unsigned) 
OTHER BRANCHES 
BSR, LBSR Branch to subroutine 
BRA, LBRA Branch always 
BRN, LBRN Branch never 
Table 8 Miscellaneous Instructions 
Mnemonic(s) | Operation 
ANDCC | AND condition code register 
CWA! AND condition code register, then wait for interrupt 
NOP No operation 
ORCC OR condition code register 
JMP Jump 
JSR Jump to subroutine 
RTI Return from interrupt 
RTS Return from subroutine 
SWI, SWI2, SWi3 Software interrupt (absolute indirect) 
SYNC Synchronize with interrupt line 
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Table 9. HD6309E Instruction Set Table 


INSTRUCTIONS/  lacdM rec] DIRECT | EXTND | IMMED | INDEX(@ [RELATIVE ert oe 
FORMS _for|~[ lor[~[# or] ~[alor[-[elor[-[lor[-ale| DESCRIPTION 
ABX 











3A} 3} 1 B+X-X 
(UNSIGNED) 
ADC ADCA 991 4)2 513 189| 2] 2 j|A9/4+j2+ A+M+C-A e @ t 
ADCB D9| 4 | 2 5 | 3 1C9| 2 | 2 |E9/4+(2+ B+M+C-B @ e t 
ADD ADDA 9B} 4 | 2 5 |3 {8B} 2 | 2 |ABI4+|2+ A+M~A @ ® t 
ADDB DB 4 | 2 5 | 3 |CB| 2 | 2 jEB)4+j}2+ B+M~B @ e t 
ADDD D3] 6 | 2 713 (C3) 4] 3 |/E3j6+)/2+ D+MM+1—D @ e t 
AND ANDA 94/4] 2 5 | 3 184) 2] 2 |A4{4+i{2+ AAM~A e ® @ 
ANDB D4| 4 | 2 513 (C4) 212 |E4j4+|2+ BAM~B @ @ 8 
ANDCC 1C|} 3 | 2 CCAIMM~CC ( ® ) 
ASL ASLA 48/2] 1 A e ®\@ 
ASL 08| 6 | 2 713 6 8)6 +}2 + M}) C br. bo e ®|@ 
ASR ASRA a ea ae | A = e ®©|@ 
ASRB {57/2 | 1 B Qo) eje|a\e 
ASR 07/6 | 2 713 6716 +)/2+ M cs) ®|@ 
b, bo C 
BCC BCC 24| 3 | 2 | Branch C=0 @ @\e 
LBCC 1 0/5(6) 4 | Long Branch @ ee 
24 C=0 
BCS BCS 25] 3 | 2 | Branch C=1 
LBCS 1 0/5(6)) 4 | Long Branch 
25 C=1 
BEQ BEQ 27] 3 | 2 | Branch Z=1 @ @ 
LBEQ 1 015(6)} 4 | Long Branch @ @ 
27 Z=1 
BGE BGE 2C}] 3 | 2 | Branch N@V=0 @ e,;e@ 
LBGE 1 0}5(6) 4 | Long Branch r ei@ 
2C N@V=0 
BGT BGT 2E| 3 | 2 | Branch ZV(N@®V)=0 e ee 
LBGT 1 01516) 4 | Long Branch @ e\e 
2E ZV(N®@®V)=0 
BHI BHI 22|3])2|Branch CyvZ=0 e e\|e@ 
LBHI 1 0/516} 4 | Long Branch @ ele 
22 Cvz=0 
BHS BHS 24) 3)2)Branch C=O @ @\e 
LBHS 101516) 4 | Long Branch @ elie 
24 C=0 
BIT BITA 95/4] 2 /B5| 5/3 |85/ 2] 2 jA5{4+/2+ Bit Test A (MAA) e ee 
BITB D5; 4) 2 )F5)5)]3 1C5! 2] 2 |JE5}4+]2+ Bit Test B (MAB) e@ r Be) 
BLE BLE 2F/ 3 |2 | Branch ZV(N@®V)=1 @ @\e@ 
LBLE 1 0/5(6)| 4 | Long Branch & e'e 
2F ZV(N@V)=1 
BLO BLO 2513 }2|Branch C=1 @ e@|e@ 
LBLO 1 0/5(6) 4 | Long Branch @ e\ie@ 
25 C=1 
| BLS BLS 231312 {Branch CyZ=1 @ e\;e 
LBLS 1 0/516) 4 | Long Branch e [ Be) 
23 CvZ=1 
BLT BLT 2D) 3} 2 | Branch N@V=1 ® e\;e 
LBLT 1 015(6)) 4 | Long Branch & ej1e 
2D N@V=1 
BMI BMI 2B| 3 {| 2 | Branch N= 1 @ @\|e@ 
LBMI 10,516} 4 | Long Branch @ oie 
' 2B N=1 
(Continued) 
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[STRUCTION ~Tasedltand rmacT [ eXTND | manito [ nnexd 
forms _lor[~[ lor[=Ts for[=Ts for[-[s for[-[s foray | OSURFIIN 

26) 3 

1 0/516) 

26 

2Al 3 

1 0/516) 





Branch Z=0 
Long Branch 
Z=-0 
Branch N= 0 
Long Branch 


ee 






















































































2A N=0 
20) 3 Branch Always @ 
16| 5 Long Branch Always e 
21) 3 Branch Never @ 
10/5 Long Branch Never e@ 
2) 
BSR 8D| 7 Branch to ® 
Subroutine 
LBSR 17) 9 Long Branch to @ 
Subroutine 
BVC 28] 3 Branch V=0 @ 
LBVC 1 01516) Long Branch @ 
28 V=0 
BVS 29/1 3 Branch V= 1) a @ 
LBVS 1 0/516) Long Branch @ ®@ 
29 V=1 
CLRA O-A @\|e@'e\@e R 
CLRB 0B @@ee/0e R 
CLR 713 0-—-M @'e,'e/\e R 
CMPA 513 Compare M from A @\e@ ®|\@e@ t 
CMPB 5 | 3 Compare M from B @\e'8\e@ t 
CMPD 8 | 4 Compare M M+ 1 @,'@'0e/@e@ t 
from D 
CMPS 8 | 4 Compare MM+ 1 t 
from S$ 
CMPU 8 | 4 Compare MM+ 1 t 
from U 
CMPX : : 1743 Compare MM+ ]} I 
from X 
CMPY 814 Compare MM+ 1 { 
from Y 
COMA AA e\e S 
COMB BB @\e S 
COM 7|3 M--M e\e S 
CC A IMM-CC S| ( ) 
Wait for Interrupt 
Decimal Adjust A ee @ t{i@|t 
A-1-A @|@ ® tT; t1@ 
B-1-—B @\|@ @ Tit /|@ 
713 M-1--M e\|@ @ Ti 1/@ 
5 | 3 A@M-+A @|e @ | R|@ 
5 | 3 BOMB @|@ @ 1|;R{@ 
R1+*R2@ ( @ ) 
A+1—A e ® Tit1@ 
B+1—B ® & tr; 1|@ 
713 M+1—M @ @ Tit); @ 
4] 3 EA@--PC @ e ee e,0e 
8 | 3 Jump to Subroutine @ @ e'\ei/@ 
(Continued) 
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RE 





INSTRUCTIONS/ 
| FORMS 
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LD 


LEA 





LDA 
LDB 
LDD 
LDS 


LDU 
LDX 
LDY 


LEAS 
LEAU 
LEAX 
LEAY 


LSLA 
LSLB 
LSL 


LSRA 
LSRB 
LSR 


NEGA 
NEGB 
NEG 


ORA 
ORB 
ORCC 
PSHS 


PSHU 


PULS 


PULU 


ROLA 


ROLB 


ROL 


RORA 


RORB 
ROR 


SBCA 
SBCB 


DIRECT 





96 
D6 
DC 
10 
DE 
DE 
9E 
10 
9E 


08 


9A 
DA 





09 


92 
D2 


4 
4 
s) 
6 


on 








2 


2 
2 
3 


nd 





EXTND 
'# jor] -[# jor] ~[# jor] —[# lor] | jorl-a]# | 


B6 
F 6 
FC 
10 
FE 
FE 
BE 
10 
BE 


BA 
FA 


B2 
F 2 





Nn 








3 {86} 2 | 2 jA6/4 +12 + 
3 1C6| 2 | 2 |E6j4 +/2+ 
3 {CC] 3 | 3 |EC{5 +/2+ 
4110) 4 14 jh OV6+I3+ 
CE EE 
3 CE) 3 | 3 JEE{S +)2+ 
3 |8E| 3 | 3 |AE[5 +)2 + 
4}101 4} 4 |10)6+)/3+ 
8E AE 
32)4 +12 + 
33/4 4/2 + 
30)4 +12 + 
31}4+]/2+ 
3 6 8/6 +{2+ 
3 64/6+/2+ 
3 60)6 +42 + 
3 {8A} 2 | 2 |AAl4+/2 + 
3 ICA; 2} 2 |EAI4+/}2 + 
LA] 3 | 2 
3 69/6 +)2 + 
3 66/6 +472 + 
3182; 21 2 JA2|4+}2+ 
3 (C2) 2] 2 |E24+j2+ 





INE 





DESCRIPTION 





M--A 
M-—B 
MM+1—D 
MM+1—-S 


MM+ 1—U 
MM+1]1—>X 
MM+1—-Y 


EA@~S 
EAQ@-+U 
EA@—X 
EA@—Y 


A a 


(40° 


bo 


Zw 


C »b, 


A 
B 
wf ATT 


bo C 


b, 

AxB-D 

(Unsigned) 
Atl—A 
B+1—B 
M+ 1—M 
No Operatton 
AVM-A 
BvVM~B 


CCv IMM--CC 


Push Registers on 


S Stack 


Push Registers on 


U Stack 
Pull Registers 


from S Stack 


Pull Registers 


from U Stack 


= w> 


O(n 


Cc b, <— bo 


<x > 


_O TOME 


C b, ———» bp 


Return from 

Interrupt 

Return from 
Subroutine 
A-M-C-+A 
B-~M-C--B 


Sign Extend B into A 
Bor -k7=1 
Bar »-+7=0 


FF—-A 


0-A 


©ee 000 ©8080 200 0000 |=|5 
eee eee 


e@-.20e2082@e0e00e080 


ele 


OG 


| eee eee | | © eleeeses © eee eco 


eee ® 











eae © @ @80008060080 


Rn te Sera tee ee po 
= > > o> +e +o 


eee @ 8 








Be 
Ele 
eeo5e ce! 





(Continued) 
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INSTRUCTIONS/ asp DIRECT TEXTND | AER TATE pescaPTON ré[s]4]3]2|1]0) 
FORMS Ser eOP eT POF Tete FST dll F[H{ tN [ztvic| 
ee eit 
4 513 @ei@iei;rit: 
DD] 5 6 | 3 ee ;@eitit 
6 734 @e @e';e@iii: 
DFI 5 61 3 @'e'e/\!t 
6|3 @0@'e\! 
7\4 @1:e/\e 


or 






oO] 





97) 4 5 | 3 A-M 

D7 B-M 
D-—-MM+ 1 

10 S~MM+ 1 

DF 
U-MM+# 1 

9FI 5 X—-MM+ 1 

10) 6 Y~MM+ 1 

9F 

90] 4 3 480] 2 | 2 A -M—-A 

DO}; 4 543 1C0; 2] 2 jE0}4+ B-M-—B 

93) 6 3 183] 4 | 3 |A3/6+ D-MM+1-+D 
Software interrupt 1 
Software interrupt 2 
Software interrupt 3 
Synchronize to 

interrupt 

Rl — R2@ 
Test A 
Test B 

OD| 6 | 2 {7D} 7 | 3 Test M 

(NOTES) 


This column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table. 
R1 and R2 may be any pair of 8 bit or any pair of 16 bit registers. 

The 8 bit registers are: A, a CC, DP 

The 16 bit registers are: x, ¥ _U, S, D, PC 


@9 


@ EA is the effective address. 
@ The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled. 
® 5(6) means: 5 cycles if branch not taken, 6 cycles if taken. 
© SWI sets 1 and F bits. SWI2 and SWI3 do not affect | and F. 
@ Conditions Codes set as a direct result of the instruction. 
® Value of half-carry flag is undefined. 
@® Special Case — Carry set if b7 is SET. 
@ Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise. 
LEGEND: 
OP Operation Code (Hexadecimal) 2 Zero (byte) 
~ Number of MPU Cycles Vv Overflow, 2’s complement 
# Number of Program Bytes Cc Carry from bit 7 
+ Arithmetic Plus $ Test and set if true, cleared otherwise 
~ Arithmetic Minus e Not Affected 
x Multiply CC Condition Code Register 
M —s Complement of M : Concatenation 
> Transfer Into Vv Logical or 
H Half-carry (from bit 3) A Logical and 
N Negative (sign bit) @ Logical Exctusive or 
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Table 10 Hexadecimal Values of Machine Codes 


OP Mnem Mode mn # OP Mnem Mode oe # oP Mnem Mode oe # 
00 NEG Direct 6 2 30 LEAX Indexed 4+ 2+ 60 NEG indexed 6+ 2+ 
01 . 31 LEAY 4+ 2+ 61 . 

02 ba 32 LEAS 4+ 2+ 62 - 

03 COM 6 2 33 LEAU Indexed 4+ 2+ 63 COM 6+ 2+ 
04 LSR 6 2 34 PSHS Implied 5+ 2 64 LSR 6+ 2+ 
05 7 35 PULS 5+ 2 65 i 

06 ROR 6 2 36 PSHU 5+ 2 66 ROR 6+ 2+ 
07 ASR 6 2 37 PULU 5+ 2 67 ASR 6+ 2+ 
08 ASL, LSL 6 2 38 . 68 ASL, LSL 6+ 2+ 
09 ROL 6 2 39 RTS 5 1 69 ROL 6+ 2+ 
OA DEC 6 2 3A ABX 3 1 6A DEC 6+ 2+ 
0B : 3B RTI Implied 6,15 1 6B . 

oc INC 6 2 3C CWAI immed 220 2 6C INC 6+ 2+ 
oD TST 6 2 3D MUL Implied 11 1 6D TST 6+ 2+ 
OE JMP 3 2 3E , 6E JMP 3+ 2+ 
OF CLR Direct 6 2 3F SWI Implied 19 1 6F CLR Indexed 6+ 2+ 
10 } See ~ _ _ 40 NEGA implied 2 1 70 NEG Extended 7 3 
11 Next Page _ _ _ 41 - 71 . 

12 NOP Implied 2 1 42 * 72 * 

13 SYNC Implied 24 1 43 COMA 2 1 73 COM 7 3 
14 * 44 LSRA 2 1 74 LSR 7 3 
15 * 45 . 75 i 

16 LBRA Relative 5 3 46 RORA 2 1 76 ROR 7 3 
17 LBSR Relative 9 3 47 ASRA 2 1 77 ASR 7 3 
18 * 48 ASLA, LSLA 2 1 78 ASL, LSL 7 3 
19 DAA Implied 2 1 49 ROLA 2 1 79 ROL 7 3 
1A ORCC immed 3 2 4A DECA 2 1 7A DEC 7 3 
1B O* _ 4B . 7B * 

1C ANDCC immed 3 2 4C INCA 2 1 7C INC 7 3 
1D SEX implied 2 1 4D TSTA 2 1 70 = =6TST 7 3 
1E EXG 8 2 4E * 7E JMP 4 3 
1F TFR Implied 6 2 4F CLRA Implied 2 1 7F CLR Extended 7 3 
20 BRA Relative 3 2 50 NEGB implied 2 1 80 SUBA Immed 2 2 
21 BRN 3 2 51 : 81 CMPA 2 2 
22 BHI 3 2 52 - 82 SBCA 2 2 
23 BLS 3 2 53 COMB 2 1 83 SUBD 4 3 
24 BHS, BCC 3 2 54 LSRB 2 1 84 ANDA 2 2 
25 BLO, BCS 3 2 55 - 85 BITA 2 2 
26 BNE 3 2 56 RORB 2 1 86 LDA 2 2 
27 BEQ 3 2 57 ASRB 2 1 87 * 

28 BVC 3 2 58 ASLB, LSLB 2 1 88 EORA 2 2 
29 BVS 3 2 59 ROLB 2 1 89 ADCA 2 2 
2A BPL 3 2 5A DECB 2 1 8A ORA 2 2 
2B BMI 3 2 5B . 8B ADDA 2 2 
2C #=BGE 3 2 5C INCB 2 1 8C CMPX = Immed 4 3 
20 = BLT 3 2 5D TSTB 2 1 8D = BSR Relative 7 2 
2E BGT 3 2 5E = 8E LDX immed 3 3 
2F BLE Relative 3 2 5F CLRB Implied 2 1 8F . 

LEGEND: (to be continued) 


~ Number of MPU cycles (less possible push pull or indexed-mode cycles) 
# Number of program bytes 
* Denotes unused opcode 
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OP Mnem Mode ~ # OP Mnem Mode ~ # OP Mnem Mode ~ # 
90 SUBA Direct 4 2 C6 LOB Immed 2 2 FC tbo Extended 6 3 
91 CMPA 4 2 C7 * FD STD 6 3 
92 SBCA 4 2 C8 EORB 2 2 FE LDU 6 3 
93 SUBD 6 2 C9 ADCB 2 2 FF STU Extended 6 3 
94 ANDA 4 2 CA ORB 2 2 
95 BITA 4 2 CB ADDB 2 2 
96 LDA 4 2 CC LOD 3 3 2 Bytes Opcode 
97 STA 4 2 CD * 
98 EORA 4 2 CE LOU Immed 3 3 1021 LBRN Relative 5 4 
99 ADCA 4 2 CF * 1022 LBHI 5(6) 4 
9A ORA 4 2 1023 LBLS 5(6) 4 
98 ADDA 4 2 DO SUBB Direct 4 2 1024 LBHS, LBCC 5(6) 4 
9C CMPX 6 2 D1 CMPB 4 2 1025 LBCS, LBLO 5(6) 4 
90 JSR 7 2 D2 SBCB 4 2 1026 LBNE 5(6) 4 
9E LDX 5 2 D3 ADDD 6 2 1027 LBEQ §(6) 4 
9F STX Direct 5 2 D4 ANDB 4 2 1028 LBVC 5(6) 4 
05 BITB 4 2 1029 LBVS 5(6) 4 
AO SUBA Indexed 4+ 2+ D6 LOB 4 2 102A LBPL 5(6) 4 
Al CMPA 4+ 2+ D7? STB 4 2 102B LBMI 5(6) 4 
A2 SBCA 4+ 2+ D8 EORB 4 2 102C LBGE 5(6) 4 
A3 SUBD 6+ 2+ DS ADCB 4 2 102D LBLT 5(6) 4 
A4 ANDA 4+ 2+ DA ORB 4 2 102E LBGT 5(6) 4 
AS BITA 4+ 2+ 0B ADOB 4 2 102F LBLE Relative 5(6) 4 
A6 LDA 4+ 2+ DC LOD 5 2 103F SWIi2 implied 20 2 
A7 STA 4+ 2+ OD sTDd 5 2 1083 CMPD immed 5 4 
AS EORA 4+ 2+ DE LDU 5 2 108C CMPY 5 4 
AS ADCA 4+ 2+ DOF STU Direct 5 2 108E LDY immed 4 4 
AA ORA 4+ 2+ 1093 CMPD sODirect 7 3 
AB ADDA 4+ 2+ EO SUBB Indexed 4+ 2+ 109C CMPY 7 3 
AC CMPX 6+ 2+ E1 CMPB 4+ 2+ 109E LDY 6 3 
AD JSR 7+ 2+ E2 SBCB 4+ 2+ 109F STY Direct 6 3 
AE LDX 5+ 2+ E3  ADDD 6+ 2+ 10A3 CMPD _ Indexed 7+ 3+ 
AF STX Indexed 5+ 2+ E4 ANDB 4+ 2+ 10AC CMPY 7+ 3+ 
ES BITB A+ 2+ 10AE LDY 6+ 3+ 
BO SUBA Extended 5 3 E6 LOB 4+ 2+ 10AF STY Indexed 6+ 3+ 
B1 CMPA 5 3 E7 STB 4+ 2+ 1083 CMPD Extended 8 4 
B2 SBCA 5 3 Es EORB 4+ 2+ 10BC CMPY 8 4 
B3 SUBD 7 3 E9 #ADCB 4+ 2+ 10BE LDY 7 4 
B4 ANDA 5 3 EA ORB 4+ 2+ 10BF STY Extended 7 4 
B5 BITA 5 3 EB ADDB 4+ 2+ 10CE LDS immed 4 4 
B6 LDA 5 3 EC LOD 5+ 2+ 10DE LDS Direct 6 3 
B7 STA 5 3 ED sTD 5+ 2+ 10DF STS Direct 6 3 
B8 EORA 5 3 EE LDU 5+ 2+ 10EE LDS Indexed 6+ 3+ 
B9 ADCA 5 3 EF sTU indexed 5+ 2+ 10EF STS Indexed 6+ 3+ 
BA ORA 5 3 10FE LDS Extended 7 4 
BB ADDA § 3 FO SUBB Extended 5 3 10FF STS Extended 7 4 
BC CMPX 7 3 F1 CMPB 5 3 113F SWI3 Implied 20 2 
BD JSR 8 3 F2 SBCB 5 3 1183 CMPU immed 5 4 
BE LDXx 6 3 F3 ADDD 7 3 118C CMPS immed 5 4 
BF STX Extended 6 3 F&4 ANDB 5 3 1193 CMPU Direct 7 3 
F5 # £BITB 5 3 119C CMPS Direct 7 3 
CoO SUBB immed 2 2 F6 LOB 5 3 11A3 CMPU Indexed 7+ 3+ 
C1 CMPB 2 2 F7 STB 5 3 11AC CMPS Indexed 7+ 3+ 
C2 SBCB 2 2 F8 EORB 5 3 11B3 CMPU Extended § 8 4 
C3 ADDD 4 3 F9 ADCB 5 3 11BC CMPS Extended 8 4 
C4 ANDB 2 2 FA ORB 5 3 
C5 BITB immed 2 2 FB ADDB Extended 5 3 


(NOTE): All unused opcodes are both undefined and illegal 
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= NOTE FOR USE 
Execution Sequence of CLR Instruction 

Cycle-by-cycle flow of CLR instruction (Direct, Extended, 
Indexed Addressing Mode) is shown below. In this sequence 
the content of the memory location specified by the operand 
is read before writing “OO” into it. Note that status Flags, such 
as IRQ Flag, will be cleared by this extra data read operation 
when accessing the control/status register (sharing the same 
address between read and write) of peripheral devices. 


Example: CLR (Extended) 
$8000 CLR $A000 


$A000 FCB $80 
Cycle# Address Data R/W Description 
1 8000 7F 1 Opcode Fetch 
2 8001 AO 1 Operand Address, 
High Byte 
3 8002 00 1 Operand Address, 
Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 00 0 Store Fixed “00” 
into Specified 
Location 


* The data bus has the data at that particular address. 


© HITACHI 
432 Hitachi America, Ltd. © Hitachi Plaza * 2000 Sierra Point Pkwy. ° Brisbane, CA 94005-1819 © (415) 589-8300 


8/16-BIT MICROPROCESSOR DATA BOOK 





Section Three 


HD64180 8-Bit 
Microprocessor Family 5 


@ HITACHI 


HD64180R/Z 
8-BIT CMOS (Micro Processing Unit) 


Based ona microcoded execution unit and advanced CMOS manufac- HD64180RP 
turing technology, the HD64180 1s an 8-bit MPU which provides the HD64180ZP 
benefits of high performance, reduced system cost and low power oper- 
ation while maintaining compatibility with the large base of industry 
standard 8-bit software 

Performance 1s improved by virtue of high operating frequency, pipe- 
lining, enhanced instruction set and an integrated Memory Management 
Unit (MMV) with 1M or 512k bytes memory physical addiess space 

System cost 1s reduced by incorporating key system functions on-chip 
including the MMU, two channel refresh, two channel Asynchronous 
Serial Communication Interface (ASCI), Clocked Serial I/O Port 
(CSI/O), two channel 16-bit Programmable Reload Timer (PRT), Ver- 
satile 12 source interrupt controller and a ‘dual’ (68 x x, 80 x) bus 
interface. 

Low power consumption during normal CPU operation 1s supple- (DP-64S) 
mented by two specific software controlled low power operation modes. 

The HD64180, when combined with CMOS VLSI memories and eh eee eee Se 
peripherals, 1s useful in system applications requiring high perform- HDO4180RCP 
ance, battery power operation and standard software compatibility. HD64180ZCP 

The HD64180Z 1s fully compatible with Z80180 (Z180) which 1s 
marketed by Zilog Inc 





@ Software Features 


e Enhanced standard 8-bit software architecture’ 
Upward compatible with CP/M-80°® 


@ Hardware Features 





e On-chip MMU supporting 1M byte memory (Provided 512K byte 
for DP-64S. 

e Two channel DMAC with memory-memory, memory-l/O and 
memory-memory mapped I/O transfer capabilities (CP-68) 

e Two channel, full duplex asynchronous serial communication 
interface (ASC) with programmable baud rate generator and 
modem control handshake signals 

e One channel clocked serial I/O port with serial/parallel shift 
register 

© Two channel 16-bit programmable reload timer for output wave- 
form generation 

e Four external and eight internal interrupts 

e Dual bus interface compatible with Motorola 68 family and with 
Intel 80 family 

¢ On-chip clock generator 

¢ Operating Frequency up to 10 MHz 

e Low power dissipation: 50 mW at 4 MHz Operation (typ.) 

e R= Interface with 63/68, 80xx peripherals 

e Z=Interface with Z80 peripherals 


HD64180RF 
HD64180ZF 





(FP-80B) 
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HD64180R/Z 
Pin Function Differences in the HD64180 Series 


Package x Pin 


8 Ves 
5 Aig 
2 NC 

Vss 


**J”’ after package designation indicates industrial temperature parts. 


N 
1 
3 
PR | Mss 





HD64180R 


rapeaeoers [6 
Papsawore-s | 8 
Papsawoar-i0 | 
apsneoRrox [6 
aDesiworrex [| 
— 
one mee 
FS 
Ce 





Address 
Space 
















Clock Frequency Package 
(MHz) Type 


DP-64S 
FP-80 1 M Byte 


CP-68 1 M Byte 










512 K Byte 





’ 





HD64180Z 


Pat No. 
HD64180ZP-6 ha Oe | 
HD64180ZP-8 DpP-64S | 512K Byte 
HD64180ZP-10 


HD64I80ZF-8X | 8 — (| — FP-80 1 M Byte 
HD64I80ZF-10X | 0 | 

















HD64180ZCP-6X 
HD64180Z.CP-8X 
HD64180ZCP- 10X 






CP-68 1 M Byte 
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SORT Medualieci acl 





ry ee ce ent ety AA pen i NR AR dR nt Ae ee 


HD64180R/Z 


@ PIN ASSIGNMENT 


OO ooo 











°HD64180R eee - SY 
Vgs a 64) ¢ w {0 J 
xen a] O ea RD BIBBRE sy 8 ~2@ks he RS 
EXTAL [3] 6a WR cloiaisu2x>> *icisis wis |O 
Watt (2) Bi) LA DiGi8 SIBIBIRIBIRISIBIDI RIDE 
BUSACK [5] eo E 
BUSREG [6) 59 ME 
RESET (2) sa IOE 
Nm [8] 57) REF 
INTo L9] 56) HALT 
INT; [19 55] TEND: 
INT? (1 54) OREO: 
st [2 5a CKS 
Ao fi3 52] RXS/CTS, 
Ai t4 Si) TXS 
Aa fig 50 CKA:/TENDo 
Ar U8 43) RXA\ 
Ae Dy 4a TXA; 
As {18 47) CKAo/DREGo 
Ac 112 46] RXAo 
A’ Bg 45] TXAo 
As (2) 44) OCB. 
As 22 A CTS, 
Ao B3 42) ATSo 
An BY 41} D7 
Ai2 BS) 40 Oe 
Ai3 26) 39) Os 
Av] 38) De 
Ais 28] 37] Da 
Ais 29 361 D2 
A17 BO 354 Dr: 
Axs/TOUT B37) Sal Do 
Vcc B2 3H Vss 
(DP-64S) 





NC: Not connected. 
Please leave the 
NC pins open. 


(CP-68) 
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@ PIN ASSIGNMENT 


¢ HD64180Z 


438 


Vss 1 C) 


XTAL [2] 
EXTAL [3] 
wait (2) 
BUSACK [5] 
BUSREG [6) 
RESET 
NMI (8, 
INTo [9] 
INTs {10 
INT? (1) 
ST 
Ao {13} 

Ai 

A2 

A; 

Aa 

As 

Ae 

A? 

As 

As 
Aro {23 
A 24] 
Ara (25) 
A:3 {26} 
Ara? 
AisR8 
Ars [29 
A17 BO 
A1s/TOUT [37] 
Vee [32] 


NU Lol bol otis UolioL ts) 



























oO |x 

a q GEEZ z 
=i SBBS5eE22 .eRS eR 
pala ENTS ES CSS ES (TST STESTESTESIED 
Bg E NMi [7 

59 ME nc [2] 

5g IOE nc (31 

B7] REF iNTo [a] 

5 6) HALT INTs 5] 

551 TEND: INT? Lé| 

54) OREG: ST (2) 

53 CKS ser 

S62) RXS/CTS: sts 

StTXS A3[i1] 

SACKA1/ TENDo Vss [12] 

49 RXA: Aa [13] 

4a] TXA) NC [14] 

a7} CKAo/DREGo a 

6 

464 RXAo in 

aS TXAo Aal 18) 

44] OCDo AsL!9] 

44 CTS A1o{20] 

421 ATS An (2y 

4 1} D> NC | 22| 

40] De NC [23] 

39 Ds Ar2 [24] 





(DP-64S) 


Piease leave the TEST 
pin open. 


(CP-68) 
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HD64180R/Z 


po en UE 





@ HD64180 BLOCK DIAGRAM 





XTAL 
EXTAL 
RESET 

10E 

HALT 


e Ee & 


ME 
BUSACK 





WAIT 
BUSREQ 
REF 

ST 

E 

NMi 
INTo 


Timin 
d g 





A1e/TOUT decay alan 


| Address Bus | 
Data Bus (8-bit) 


TXS ic Clocked ———- 
RXS/ETS; Serial I/O 
q Port Asynchronous 
CKS 





SCi 
(channel 0) 










INT: 


aa, ; TXA 
ee reretronoes Lb aga, /TERDS 
| (channel 1) RXA1 
Address 
Buffer ea Ven 
' athe 





Ao acd Aig Do~D7 


(Ao ~ Aig: HD64180R1, HD64180Z; FP-80, CP-68) 
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INT 2 


Bus State Control } torupt 
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@ ABSOLUTE MAXIMUM RATINGS 





Item Symbol Value Unit 
Supply Voltage Voc -0.3~ +70 V 
input Voltage Vin —0.3~ Vo. + 0.3 V 
—20~ +75* 
Operating Temperature T — °C 
Penge Ne oe 40 ~ +85** 
Storage Temperature Tsig —55 ~ +150 °C 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. If 
these conditions are exceeded, it could affect reliability of LSI 
*Standard Temp. 
**Industrial Temp. 


@ ELECTRICAL CHARACTERISTICS 
¢ DC CHARACTERISTICS (V,,.=5V + 10%, V,,=0V, ta=-20 ~ +75°C, Industrial Temp 
Ta=-40 ~ +85°C, unless otherwise noted.) 





Item Symbol Condition min. typ. max. Unit 
Input “H” Voltage 


pid iN huhenme V Voc-0.6 — iV 0.3 V 
RESET, EXTAL, NMI ry co-0 oe 
Input “H” Voltage V 20 — Vert+03 = V 
Except RESET, EXTAL, NMI ie : rena 
Input “‘L’ Voltage V 03 = 06 V 
RESET, EXTAL, NMI zi ' ' 
Input “L’ Voltage V 03 - 0.8 V 
Except RESET, EXTAL, NMI re | 
Output “H’’ Voltage loH = —200pA 2.4 — — 
All Output VoH ¥ 
utputs lon =—-20ynA Vec-1.2 
Output “L’ Voltage V Int =2.2mA = a 0.45 V 
All Outputs ee ee 
Input Leakage 
Current All Inputs He Vin =0.5 ~Vcoc-0.5 ~— — 1.0 pA 
Except XTAL, EXTAL 
Three State Leakage 
| Vin=0.5~Vec-0.5 — — 1.0 A 

Current TL in cc ae 
Power Dissipation loc” f = 4MHz — 10 20 
(Normal Operation) f =6MHz _ 15 30 

f = 8HMz — 20 40 

f = 10MHz — 25 50 rae 
Power Dissipation f=4HMz — 2.5 5.0 
(SYSTEM STOP mode) f =6MHz ae 3.3 75 

f = 8HMz — 5.0 10.0 

f= 10MHz — 6.3 12.5 
Pin Capacitance Cp Vin = OV, f = 1HMz — — 12 pF 

Ta = 25°C 


*Vin min. = Voc-1.0V, Viz max. =0.8V (all output terminal are at no load) 
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HD64180R/Z 


¢ DC CHARACTERISTICS (V¢c=5V + 10%, Vss=OV, ta=-20 ~ +75°C, Industrial Temp 
Ta=-40 ~ + 85°C, unless otherwise noted.) 


HD64180R/Z-4 ~ HD64180R/Z- 6 HD64180R/Z-8 HD64180R/Z-10 





































Item Symbol} min | max. | min. max. min. max. min. | max. | unit 
Clock Cycle Time teye 250 2000 162 2000 125 2000 100 2000 ns 
Clock ‘‘H” Pulse Width tcHw 110 } 65 | | 50 | 40 _ ns 
Clock “L’’ Pulse Width tcLw 110 65 7 40 ns 
Clock Fall Time 7 15 ne 15 15 10 ns 
Clock Rise Time 15 15 15 7 10 ns 
Address Delay Time 110 | 90 | | go f | 70 ns 
Address Set-up Time ; 50 30 & 70 ns 

(ME or IQE J ) 
ME Delay Time 1 _— - 45 ns 
_ — 10C=1 85 | 60 4 | | 50 

D Delay Time 1 t ns 
LIR Delay Time 1 | 4 100 eS 70* 5 ns 
Address Hold Time 1 | | 35 | Leta ns 
(ME, IQE, RD or WRT ) | 
ME Delay Time 2 ot 60 | 45 | [so | ns 
RD Delay Time 2 | 60 | 45 {| 50 | ns 
LIR Delay Time 2 ee = 70* || eo ns 
Data Read Set-up Time | 40. a eo ae ns 
Data Read Hold Time 0 ae Se ns 
ST Delay Time 1 | | 90 | | 7 | | eo | ns 
ST Delay Time 2 Pe A 70 Ld ns 
WAIT Set-up Time | 40 | 40 a ns 
Write Data Floating . gee Eee oe ns 
Delay Time 
WR Delay Time 1 | / 5 | | 60 ns 
Write Data Delay Time | 9 | | 80 — 60 ns 
Write Data Set-up Time 40 20 | a | ns 

(WR | ) 
WR Delay Time 2 80 | 60 50 ns 
WR Pulse Width = 170 | 130 - 110 ns 


“For a loading ‘capacitance of less than or equal to 40 picofarads and operating temperature from 0 to 50 degrees, subtract 10 
nanoseconds from the value given in the maximum columns. 
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HD64180R/Z 


item 


Write Data Hold Time 
(WR ¢ ) 


IOE Delay Time 1 


IOE Delay Time 2 

IOE Delay Time 2 
(OR | ) 

INT Set-up Time 
(1) 

INT Hold Time 
(1) 

NMI Pulse Width 





BUSREO Set-up Time 


(¢ +) 
BUSREO Hold Time 


BUSACK Delay Time 1 
BUSACK Delay Time 2 
Bus Floating Delay Time 
ME Pulse Width (HIGH) 


E Pulse Width (LOW) 


BS) 


EF Delay Time 1 
EF Delay Time 2 
ALT Delay Time 1 
HALT Delay Time 2 


BS) 


als 


DREQ i Set-up Time 


DREQ i Hold Time 
TEND i Delay Time 1 
TEND i Delay Time 2 
Enable Delay Time 1 
Enable Delay Time 2 
E Pulse Width (HIGH) 
E Pulse Width (LOW) 





anes [7 


tBap1 
tpap2 
tazp 
tMEWH 
tMEWL 
tRFD1 
tRFD2 
tHAD1 


tHAD2 


tpRQH 
tTED1 


iTED2 


tep1 
tebe 


PWEH 


PWeL 


210 


7 


Oo 


300 


ee) 
ol 


oO 


HD64180R/Z-4 


= @ 2 
aA, 
ro ro) } } 


as 
somanth. 


100 


Oo 


& 
© 


ie) 
i 
© 


& 
© 


on, 


2 
40 


Oo 


—_ 
— 
] 


aS 
© 


NN 
O1 


180 


HD64180R/Z-6 


Orn i Nn 
a;,o;o 
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— 
on 


250 


i 
So 


web, 


0 
40 


co) 


as 


0 


i _f 
oO }]o 


£ aN 
S =) =) 


30 


- 


HD64180R/Z-8 


5 


f 
oi 


STN 

o};}o 
ee) 
So 


So 


| 
So 


NO 
Oo 
Oo 


te) 
© 


fan) 


™N 
So 


G | @ 
o};oO 


as 
—, 


0 


HD64180R/Z-10 


o;o 
o>) 


™~“ 


nn 


oa 
fan) 





HD64180R/Z 





HD64180R/Z-4 HD64180R/Z-6 HD64180R/Z-8 HD64180R/Z-10 
Item unit 


Enable Rise Time 


NO 


~“] 
+ mH 
RO _— 
SL 
Oo 


O1 


NO 
.—) 
=) 
” 


NO 
oO 


Enable Fall Time ns 


m 


Timer Output Delay 


Time ttop 300 


200 


300 


200 
200 


150 ns 


CSi/O Transmit Data tsTpI 150 ns 
Delay Time 
(Internal Clock 


Operation) 


NM | DN 


CSI/O Transmit Data tsTDE 
Delay Time 
(External Clock 
Operation) 


7.5tcyc 
+ 300 


7.5tcyc ns 
+ 150 





CSI/O Receive Data tsrsi 
Set-up Time 
(Internal Clock 
Operation) 


tcyc 


CSI/O Receive Data tsRHI 
Hold Time 
(Internal Clock 
Operation) 


tcyc 


CSI/O Receive Data tSRSE 
Set-up Time 
(External Clock 
Operation) 


tcyc 


wok 


- 


CSI/O Receive Data tsRHE 
RESET Set-up Time tRES 120 
RESET Hold Time tREH 


tcyc 


120 100 ns 





ns 


NO 
co) 


Oscillator Stabilization tosc ms 


Time 


External Clock Rise 
Time texr 
(EXTAL) 


External Clock Fall Time} tex 
(EXTAL) 


RESET Rise Time 
RESET Fall Time 


Input Rise Time 


(except EXTAL, RESET) 


N 
oO 


© 


ns 


ns 


QT 
-) 


nN 

OI 

N } N 

ai or 

© 

N 

ol 

N 

o1 


ol 
oO 
ol 
© 


ms 
ms 
100 ns 


NO ye) 
ol © 
or | oO NO 
oO ;o ol 


100 100 


oe, 
sie 


Input Fall Time 100 100 100 100 ns 


(except EXTAL, RESET) 


=" 
> 
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HD64180R/Z 


Piel 


ee HV 


— tt es 
ae 
tiop2tay 
ray 
al os twre 
"| cht 
S 
fie std at twoz 
Data KOg ° wea an vay, 


meen 
OUT 


tREH 
tres, | tres, |- = 


9 


gi 


5 
Be) 





' 


+ 


RESET 


*1 Output buffer is off at this point. 


Figure 1 CPU Timing (1) 
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HD64180R/Z 


“7 
tints 
mt 
tumiw 
i | ae 







TOE *1 
x... toRH 
Data { /| \ { /\ 
IN *1 Ho KS 





BUSACK — 


ADDRESS 

DATA a 
ME, RD 

WR, I0E 





HALT 


*1 during INTo acknowledge cycle 
*2 during refresh cycle 
*3 Output buffer is off at this point. 


Figure 1 CPU Timing (2) 
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HD64180R/Z 


IS 


(at level sense) 


BREGI 
(at edge sense) 





der SON CO STEEY Kitt TUNER ETE OER EN OT Ey AAR AIRC SREY GEIR SULLY INTEND SNR COLRTNRERET ROY AFD Se seaniaimemeknsmentaineanalan vermis Sven SEY Se 


*4 
tstp2 


TEND: 


ST 





*1 tpras and tpron are specified for the nsing edge of clock followed by Ts 
*2 toras and tpron are specified for the nsing edge of clock 

*3 DMA cycle starts 

“4 CPU cycle starts 


Figure 2 DMA Control Signals 


Ti Te Tw Tw 


: eS Ta 
p 
tep1 tep2 
E 
(Memory Read/Write) 
teD1 tep2 


E 
(VO Read) 
tep1 


E t 
(/O Write) DRS 


torH 


Figure 3 E Clock Timing (1) 











E 
BUS RELEASE owe) 
SLEEP mode . 


Figure 3 E Clock Timing (2) 
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HD64180R/Z 








Timer Data 
Reg.= OO00H 


A1e/TOUT kdl 


trop 


Figure 4 Timer Output Timing 


Next op-code fetch 


SLP instruction fetch 
Ts T Te T Ts in A 
od 
tuts NTH 
INT; 
NMI 
Ao~A18 b & 


aR 
5 

é 

E 


Figure 5 SLP Execution Cycle 
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CSI/O Clock 


Transmit data 
(Internal Clock) 


Transmit data 
(External Clock) 


Receive data 
(Internal Clock) 


Receive data 
(External Clock) 





Figure 6 CSI/O Recetve/Transmit Timing 


Vcc 


Ri = 2.2k0 
Test Point Reference Level (Input) 
1$2074 
C+=R ¥ or Equiv. 





C=90pF R=12k0 





Reference Level (Output) 


i +— th 





EXTAL Rise time and Fall time Inputs, other than EXTAL, Rise time and Fall time 


Figure 7 Bus Timing Test Load (TTL Load) 
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LLL ICL A LL EL LT UCC ATT ICE ACSIA TT TOCA Ot he RTE oA PNAS AY 


1 PIN DESCRIPTION 
XTAL (IN) 

Crystal oscillator connection. Should be left open if an external 
TTL clock is used. It is noted this input is not a TTL level input. See 
Table D.C. characteristics. 


EXTAL (IN) 
Crystal oscillator connection. An external TTL clock can be 
input on this line. This input is schmitt triggered. 


@ (OUT) 
System Clock. The frequency is equal to one-half of crystal oscil- 
lator. 


RESET — CPU Reset (IN) 
When LOW, initializes the HD64180 CPU. All output signals 
are held inactive during RESET. 


Ao-A17 — Address Bus (OUT, 3-STATE) 
A,g/TOUT 

19-bit address bus provides physical memory addresses of up to 
512k bytes. The address bus enters the high impedance state during 
RESET and when another device acquires the bus as indicated by 
BUSREQ and BUSACK LOW. A,, is multiplexed with the TOUT 
output from PRT channel 1. During RESET, the address bus func- 
tion is selected. TOUT function can be selected under software con- 
trol. 


Dy-D, — Data Bus (IN/OUT, 3-STATE) 

Bidirectional 8-bit data bus. The data bus enters the high impe- 
dance state during RESET and when another device acquires the 
bus as indicated by BUSREQ and BUSACK LOW. 

RD — Read (OUT, 3-STATE) 

Used during a CPU read cycle to enable transfer from the exter- 

nal memory or I/O device to the CPU data bus. 


WR — Write (OUT, 3-STATE) 
Used during a CPU write cycle to enable transfer from the CPU 
data bus to the external memory or I/O device. 


ME — Memory Enable (OUT, 3-STATE) 

__Indicates memory read or write operation. The HD64] 80 asserts 
ME LOW in the following cases. 

(a) When fetching instructions and operands. 

(b) When reading or writing memory data. 

(c) During memory access cycles of DMA. 

(d) During dynamic RAM refresh cycles. 


{OE — I/O Enable (OUT, 3-STATE) a 
Indicates I/O read or write operation. The HD64180 asserts IOE 

LOW in the following cases. 

(a) When reading or writing I/O data. 

(b) During 1/Q access cycles of DMA. 

(c) During INT, acknowledge cycle 


WAIT — Bus Cycle Wait (IN) 

Introduces wait states to extend memory and I/O cycles. If LOW 
at the falling edge of T,, a wait state (Tw) is inserted. Wait states will 
continue to be inserted until the WAIT input is sampled HIGH at 
the falling edge of Tw, at which time the bus cycle will proceed to 
completion. 


E — Enable (OUT) 
Synchronous clock for connection to HD63X X series and other 
6800/6500 series compatible peripheral LSIs. 


BUSREQ — Bus Request (IN) 
Another device may request use of the bus by asserting 
BUSREQ LOW. The CPU will stop executing instructions and 


HD64180R/Z 


rome en teen 


piaces the address bus, dala bus, RD, WR, ME and {68 in the high 
impedance state. 








BUSACK — Bus Acknowledge (OUT) 

When the CPU completes bus release (in response to BUSREQ 
LOW), it will assert BUSACK LOW. This acknowledges that the 
bus is free for use by the requesting device 


HALT — Hait/Sleep Status (OUT) 
Asserted LOW _after execution of the HALT or SLP instruc- 
tions. Used with LIR and ST output pins to encode CPU status. 


LIR — Load Instruction Register (OUT) 
Asserted LOW when the current cycle is an op-code fetch cycle. 
Used with HALT and ST output pins to encode CPU status. 





ST — Status (OUT) ez 
Used with the HALT and LIR output pins to encode CPU 


Status. 


Table 1 Status Summary 






‘CPU operation - | 
| (1st op-code fetch) _ | 


CPU operation 
(2nd op-code and 
3rd op-code fetch) 


CPU operation 
(MC except for op-code fetch) 







1 DMA operation 


HALT mode 


SLEEP mode (including 
SYSTEM STOP mode) 













NOTE) xX: Don’tcare 
MC. Machine cycle 


REF — Refresh (OUT) 

When LOW, indicates the CPU is in the dynamic RAM refresh 
cycle and the low-order 8 bits (A,-A,) of the address bus contain 
the refresh address. 


NMI — Non-Maskable Interrupt (IN) 

When edge transition from HIGH to LOW is detected, forces 
the CPU to save certain state information and vector to an interrupt 
service routine at address 0066H. The saved state information is re- 
stored by executing the RETN (Return from Non-Maskable Inter- 
rupt) instruction. 


INT) — Maskable Interrupt Level 0 (IN) 

When LOW, requests a CPU interrupt (unless masked) and 
saves certain state information unless masked by software. INT, re- 
quests service using one of three software programmable interrupt 
modes. 


instruction fetched and executed from data bus. 


Instruction fetched and executed from address 
| 0038H. 







Vector System ~— Low-order 8 bits vector table 
address fetched from data bus. 





In all modes, the saved state information is restored by execut- 
ing RETI (Return from Interrupt) instruction. 
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INT,, INT, — Maskable Interrupt Level 1, 2 (IN) 

When LOW, requests a CPU interrupt (unless masked) and 
saves certain state information unless masked by software. INT, 
and INT, (and internally generated interrupts) request interrupt 
service using a vector system similar to Mode 2 of INT). 


DREQ, — DMA Request — Channel 0 (IN) 

When LOW (programmable edge or level sensitive), requests 
DMA transfer service from channel 0 of the HD64180 DMAC. 
DREQ, is used for Channel 0 memory <—>_I/O and memory 
<——> memory mapped I/O transfers. DREQ, is not used for 
memory <--> memory transfers. This pin is multiplexed with 
CKA,. 





TEND, — Transfer End — Channel 0 (OUT) 

Asserted LOW synchronous with the last write cycle of channel 
0 DMA transfer to indicate DMA completion to an external device. 
This pin is multiplexed with CKA,. 


DREQ, — DMA Request — Channel 1 (IN) 

When LOW (programmable edge or level sense), requests 
DMA transfer service from channel 1 of the HD64180 DMAC. 
Channel 1 supports Memory <-> I/O transfers. 


TEND, — Transfer End — Channel 1 (OUT) 
Asserted LOW synchronous with the last write cycle of channel 
1 DMA transfer to indicate DMA completion to an extérnal device. 


TXAy — Asynchronous Transmit Data — Channel 0 (OUT) 
Asynchronous transmit data from channel 0 of the Asynchro- 
nous Serial Communication Interface (ASCI). 


RXA, — Asynchronous Receive Data — Channel 0 (IN) 
Asynchronous receive data to channel 0 of the ASCI. 


CKA, — Asynchronous Clock -- Channel 0 (IN/OUT) 
Clock input/output for channel 0 of the ASCI. This pin 1s 
multiplexed (software selectable) with DREQ,. 


RTS, — Request to Send — Channel 0 (OUT) 
Programmable modem control output signal for channel 0 of the 
ASCI. 


CTS, — Clear to Send — Channel 0 (IN) 
Modem control input signal for channel 0 of the ASCI. 


DCD, -— Data Carrier Detect — Channel 0 (IN) 
Modem control input signal for channel 0 of the ASCI. 


TXA, — Asynchronous Transmit Data — Channel 1 (OUT) 
Asynchronous transmit data from channel 1 of the ASCI. 


RXA, — Asynchronous Receive Data — Channel 1 (IN) 
Asynchronous receive data to channel 1 of the ASCI. 


CKA, — Asynchronous Clock — Channel 1 (IN/OUT) 
Clock input/output for channel 1 of the ASCI. This pin is 
multiplexed (software selectable) with TEND,. 


CTS, — Clear to Send — Channel 1 (IN) 
Modem control input signal for channel 1 of the ASCI. This pin 
is multiplexed (software selectable) with RXS. 


TXS — Clocked Serial Transmit Data (OUT) 
Clocked serial transmit data from the Clocked Serial 1/O Port 
(CSI/O). 


RXS — Clocked Serial Receive Data (IN) 

Clocked serial receive data to the CSI/O. This pin is multiplexed 
(software selectable) with ASCI channel 1 CTS: modem control 
input. 


CKS — Serial Clock (IN/OUT) 
Input or output clock for the CSI/O. 


TOUT — Timer Output (OUT) 
Pulse output from Programmable Reload Timer channel |. This 
pin is multiplexed (software selectable) with A,, (Address 18). 


Vcc — Power Supply 
Vsgs ~ Ground 


Multiplexed pin descriptions 
A,,/TOUT 

During RESET, this pin is initialized as A,, pin. If either TOC] 
or TOCO bit in Timer Control Register (TCR) is set to 1, TOUT 
function is selected. 

If TOC] and TOC bits are cleared to 0, A,, function is selected. 


CKA,/DREQ) 

During RESET, this pin is initialized as CKA, pin. If either DM1 
or SMI in DMA Mode Register (DMODE) is set to 1, DREQ, 
function is always selected. 


CKA,/TEND, 

During RESET, this pin is initialized as CKA, pin. If CKAID bit 
in ASCI control register ch 1 (CNTLA1) is set to 1, TEND, func- 
tion is selected. If CKAID bit is set to 0, CKA, function is selected. 


RXS/CTS, 

During RESET, this pin is initialized as RXS pin. If CTS1E bit in 
ASCI status register ch! (STAT1) is set to 1, CTS, function is 
selected. 

If CTSIE bit is set to 0, RXS function is selected. 
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2 CPU REGISTERS 

The HD64180 CPU registers consist of Register Set GR, Regis- 
ter Set GR’ and Special Registers. 

The Register Set GR consists of 8-bit Accumulator (A), 8-bit 
Flag Register (F), and three General Purpose Registers (BC, DE, 
and HL) which may be treated as 16-bit registers (BC, DE, and 
HL) or as individual 8-bit registers (B, C, D, E, H, and L) depend- 
ing on the instruction to be executed. The Register Set GR’ is alter- 
nate register set of Register Set GR and also contains Accumulator 


Register Set GR 


Accumulator | Flag Register 
A F 





















— General 
: : Registers 
Register Set GR’ | 
Accumulator Flag Register 
A’ F’ 
Se General 
a Registers 
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(A’), Flag Register (F’) and three General Purpose Registers (BC’, 
DE’, and HL’). While the alternate Register Set GR’ contents are 
not directly accessible, the contents can be programmably ex- 
changed at high speed with those of Register Set GR. 

The Special Registers consist of 8-bit Interrupt Vector Register 
(I), 8-bit R Counter (R), two 16-bit Index Registers (IX and IY), 
16-bit Stack Pointer (SP), and 16-bit Program Counter (PC). 

Fig. 8 shows CPU registers configuration. 


Special Registers 












interrupt R Counter 
Vector Register 








R 





index Register IX 


Index Register IY 
Stack Pointer SP 
Program Counter PC 





Figure 8 CPU Register Configuration 


2.1 Register Description 


(1) Accumulator (A, A’) 
The Accumulator (A) serves as the primary register used for 
many arithmetic, logical and I/O instructions. 


(2) Flag Registers (F, F’) 
The flag register stores various status bits (described in the next 
section) which reflect the results of instruction execution. 


(3) General Purpose Registers (BC, BC’, DE, DE’, HL, HL’) 

The General Purpose Registers are used for both address and 
data operation. Depending on instruction, each half (8 bits) of these 
registers (B, C, D, E, H, and L) may also be used. 


(4) Interrupt Vector Register (I) 

For interrupts which require a vector table address to be calcu- 
lated (INT, Mode 2, INT,, INT, and internal interrupts), the Inter- 
rupt Vector Register (I) provides the most significant byte of the 
vector table address. 


(6) R Counter (R) 
The least significant seven bits of the R Counter (R) serve to 
count the number of instructions executed by the HD64180. R is 


incremented for each CPU op-code fetch cycles (each LIR cycles). 


(6) Index Registers (IX, and IY) 

The Index Registers are used for both address and data opera- 
tions. For addressing, the contents of a displacement specified in 
the instruction are added to or subtracted from the Index Register 
to determine an effective operand address. 


(7) Stack Pointer (SP) 


The Stack Pointer (SP) contains the memory address based 
LIFO stack. 


(8) Program Counter (PC) 

The Program Counter (PC) contains the address of the instruc- 
tion to be executed and is automatically updated after each instruc- 
tion fetch. 


(9) Flag Register (F) 

The Flag Register stores the logical state reflecting the results of 
instruction execution. The contents of the Flag Register are used to 
control program flow and instruction operation. 
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bit 7 6 5 4 3 2 1 


é] 
fs | z]- {4 | - [ev N Flag Register (F) 


S: Sign (bit 7) 

S stores the state of the most significant bit (bit 7) of the result. 
This is useful for operations with signed numbers in which values 
with bit 7 = 1 are interpreted as negative. 


Z: Zero (bit 6) 
Z is set to 1 when instruction execution results containing 0. 
Otherwise, Z is reset to 0. 


H: Half Carry (bit 4) 

H is used by the DAA (Decimal Adjust Accumulator) instruc- 
tion to reflect borrow or carry from the least significant 4 bits and 
thereby adjust the results of BCD addition and subtraction. 


P/V: Parity/Overflow (bit 2) 

P/V serves a dual purpose. For logical operations P/V is set to 1 
if the number of | bit in the result is even and P/V is reset to 0 if the 
number of | bit in the result is odd. For two complement 
arithmetic, P/V is set to 1 if the operation produces a result which is 
outside the allowable range (+ 127 to — 128 for 8-bit operations, 
+ 32767 to — 32768 for 16-bit operations). 


N: Negative (bit 1) 


N is set to 1 if the last arithmetic instruction was a subtract oper- 
ation (SUB, DEC, CP, etc.) and N is reset to 0 if the last arithmetic 


8-bit Register 


00 1 
0 1 0 










ke 
A 





16-bit Register 


ee 
i 





Register 





instruction was an addition operation (ADD, INC, etc.). 


C: Carry (bit 0) 

C is set to 1 when a carry (addition) or borrow (subtraction) 
from the most significant bit of the result occurs. C is also affected 
by Accumulator logic operations such as shifts and rotates. 


3 ADDRESSING MODES 
The HD64180 instruction set includes eight addressing modes. 

Implied Register 
Register Direct 
Register Indirect 
Indexed 
Extended 
Immediate 
Relative 
IO 


(1) Implied Register (IMP) 

Certain op-codes automatically imply register usage, such as the 
arithmetic operations which inherently reference the Accumulator, 
Index Registers, Stack Pointer and General Purpose Registers. 


(2) Register Direct (REG) 

Many op-codes contain bit fields specifying registers to be used 
for the operation. The exact bit field definition vary depending on 
instruction as follows. 





HL 












1X 
| oO BC 





xx field 










ee 





Suffixed H and L to ww,xx,yy,zz (ex. WWH,IXL) indicate upper and lower 8-bit of the 16-bit 


register respectively. 
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(3) Register Indirect (REG) 


The memory operand address is contained in one of the 16-bit 
General Purpose Registers (BC, DE and HL). 


HL Operand 


Memory 


(4) indexed (INDX) 

The memory operand address is calculated using the contents of 
an Index Register (IX or IY) and an 8-bit signed displacement spec- 
ified in the instruction. 


op-code 2 












(5) Extended (EXT) 


The memory operand address is specified by two bytes contained 
in the instruction. 
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(6) immediate (IMMED) 
The memory operands are contained within one or two bytes of 
the instruction. 


Tm |} #-bi operand 


(7) Relative (REL) 
Relative addressing mode is only used by the conditional and 
unconditional branch instructions. The branch displacement (rela- 


tive to the contents of the program counter) is contained in the in- 
struction. 





Program Counter (PC) 


(8) 10 (10) 
JO addressing mode is used only by I/O instructions. This mode 

specifies I/O address (OE = 0) and outputs them as follows. 

(1) An operand is output to A,-A,. The Contents of Accumulator 
is output to A,-A,,. 

(2) The Contents of Register B is output to A,-A,. The Contents 
of Register C is output to A,-Aj,,. 

(3) An operand is output to A,-A,. 00H is output to A,-A,,. 
(useful for internal I/O register access) 

(4) The Contents of Register C is output to A,-A,. 00H is output 
to A,-Aj,. 
(useful for internal I/O register access) 
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@ CPU BUS TIMING 


This section explains the HD64180 CPU timing for the following 
operations. 


(1) Instruction (op-code) fetch timing. 

(2) Operand and data read/write timing. 

(3) I/O read/write timing. 

(4) Basic instruction (fetch and execute) timing. 
(5) RESET timing. 

(6) BUSREQ/BUSACK bus exchange timing. 


The basic CPU operation consists of one or more ‘“‘machine cy- 
cles’? (MC). A machine cycle consists of three system clocks, T,, T, 
and T, while accessing memory or I/O, or it consists of one system 
clock, Ti while the CPU internal operation. The system clock (¢) is 
half frequency of crystal oscillation (Ex. 8 MHz crystal——> ¢ of 4 


MHz, 250 nsec). For interfacing to slow memory or peripherals, 
optional wait states (Tw) may be inserted between T, and T;. 


e Instruction (op-code) Fetch Timing | 

Fig. 9 shows the instruction (op-code) fetch timing with no wait 
states. 

An op-code fetch cycle is externally indicated when the LIR 
(Load Instruction Register) output pin is LOW. 

In the first half of T,, the address bus (A,-A,,) is driven with the 
contents of the Program Counter (PC). Note that this is the trans- 
lated address output of the HD64180 on-chip MMU. 

In the second half of T,, the ME (Memory Enable) and RD 
(Read) signals are asserted LOW, enabling the memory. 

The op-code on the data bus is latched at the rising edge of T, 
and the bus cycle terminates at the end of T;. 


Op-code Fetch Timing 


me cscs ALLEL 
T3 T1 T2 





Figure 9 Op-Code Fetch Timing 


Fig. 10 illustrates the insertion of wait states (Tw) into the op- 
code fetch cycle. Wait states (Tw) are controlled by the external 
WAIT input combined with an on-chip programmable wait state 
generator. 

At the falling edge of T, the combined WAIT input is sampled. If 





}+—_____—_— 


Op-code fetch cycle 


WAIT input is asserted LOW, a wait state (Tw) is inserted. The ad- 
dress bus, ME, | ME, RD and LIR are held stable during wait states. 
When the WAIT is sampled inactive HIGH at the falling edge of 
Tw, the bus cycle enters T, and completes at the end of T,. 


ee 


T1 Ta Tw Tw T3 T1 T2 
Bal eel ee ey ee ee SL he 
| | | 


| | 
RA Se ee 





Figure 10 Op-Code Fetch Timing (with wait state) 
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¢ Operand and Data Read/Write Timing 

The instruction operand and data read/write timing differs from 
op-code fetch timing in two ways. First, the LIR output is held inac- 
tive. Second, the read cycle timing is relaxed by one-half clock cycle 
since data is latched at the falling edge of T,. 

Instruction operands include immediate data, displacement and 
extended addresses and have the same timing as memory data 
reads. 

During memory write cycles the ME signal goes active in the 
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second half of T,. At the end of T,, the data bus is driven with the 
write data. Eee 

At the start of T,, the WR signal is asserted LOW enabling the 
memory. ME and WR go inactive in the second half of T, followed 
by deactivation of the write data on the data bus. 

Wait states (Tw) are inserted as previously described for op-code 
fetch cycles. 

Fig. 11 illustrates the read/write timing without wait states (Tw), 
while Fig. 12 illustrates read/write timing with wait states (Tw). 


| Read cycle | Write cycle | 


Ao—Ais 


Do—D7 


WAIT 





Figure 11 Memory Read/Write Timing (without wait state) 


Read cycle 


Write cycle 








po Ny 


Figure 12 Memory Read/Write Timing (with wait state) 
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4.3 1/0 Read/Write Timing 


I/O instructions cause data read/write transfer which differs 
from memory data transfer in the following three ways. The IOE (I/ 


O Enable) signal is asserted LOW instead of the ME signal. The 16- 


bit I/O address is not translated by the MMU and A,,-A,, are held 


I/O read cycle 











LOW. At least one wait state (Tw) is always inserted for I/O read 
and write cycles (except internal I/O cycles). 

Fig. 13 shows I/O read/write timing with the automatically in- 
serted wait state (Tw). 


\/O write cycle 


gga gc 
T 


| | 


WR | | i | \ | / 
| | | | 


NOTE: Aie—Ais = 0 for I/O cycles - 


Figure 13 I/O Read/Write Timing 


4.4 Basic Instruction Timing 

An instruction may consist of a number of machine cycles in- 
cluding op-code fetch, operand fetch and data read/write cycles. An 
instruction may also include cycles for internal processing in which 
case the bus is idle. 

The example in Fig. 14 illustrates the bus timing for the data 
transfer instruction LD (Ix+d),g. This instruction moves the con- 
tents of a CPU register (g) to the memory location with address 


computed by adding an signed 8-bit displacement (d) to the con- 
tents of an index register (1X). 

The instruction cycle starts with the two machine cycles to read 
the two bytes instruction op-code as indicated by LIR LOW. Next, 
the instruction operand (d) is fetched. 

The external bus is idle while the CPU computes the effective 
address. Finally, the computed memory location is written with the 
contents of the CPU register (g). 
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1st op-code 2nd op-code Displacement operation Memory 
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a i 


CPU intemal 


Next instruction 
wnite cycle fetch cycle 


pce toon cree meee ap te etn 


TT: To Ta Ti Teo Ts 


T3 Ti Te Ti Tr Te2 Ta Tr Te 


pons X_ pC Xperts _X POF? ra XFCS 


(DDH) (70H— 77H) 


d 9g 


i Ce aaa aaa 
a OO ae ey a CO area Oey an 
Sey 
WR ee ge 


Machine Cycle [/-—___—__+_____+-— e { 
MC1 MC2 MC3 MC4 MC5 MC6 MC7 


NOTE d= displacement 
g = register contents 


Figure 14 LD (IX+d), g Instruction Timing 


4.5 RESET Timing 
Fig. 15 shows the HD64180 hardware RESET timing. If the RE- 
SET pin is LOW for at least six clock cycles, processing is termi- 





nated and the HD64180 restarts execution from (logical and physi- 
cal) address OOOOOH. 


RESET Start 


OP-code fetch cycle 


BE Teed eal gh ess eal a a le 


i] 
6 or more than 6 clocks 


RESET 


Ao—Ais >— 


igh impedance 


Restart address(OQOQOOH) 


Figure 15 RESET Timing 





4.6 BUSREQ/BUSACK Bus Exchange Timing 

The HD64180 can coordinate the exchange of control, address 
and data bus ownership with another bus master. The alternate bus 
master can request the bus release by asserting the BUSREQ (Bus 
Request) input LOW. After the HD64180 releases the bus, it relin- 
quishes control to the alternate bus master by asserting the 
BUSACK (Bus Acknowledge) output LOW. 

The bus may be released by the HD64180 at the end of each ma- 
chine cycle. In this context a machine cycle consists of a minimum 
of 3 clock cycles (more if wait states are inserted) for op-code fetch, 
memory read/write and I/O read/write cycles. Except for these 
cases, a machine cycle corresponds to one clock cycle. 

When the bus is released, the address (A,-A,,), data (D,-D,) 





and control (ME, IOE, RD, and WR) signals are placed in the high 
impedance state. 

Note that dynamic RAM refresh is not performed when the 
HD64180 has released the bus. The alternate bus master must pro- 
vide dynamic memory refreshing if the bus is released for long peri- 
ods of time. oe ee eae 

Fig. 16 illustrates BUSREQ/BUSACK bus exchange during a 
memory read cycle. Fig. 17 illustrates bus exchange when the bus 
release is requested during an HD64180 CPU internal operation. 
BUSREQ is sampled at the falling edge of the system clock prior to 
T,, Ti and Tx (BUS RELEASE state). If BUSREQ is asserted LOW 
at the falling edge of the clock state prior to Tx, another Tx is ex- 
ecuted. 
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| CPU memory read cycle | Bus release cycle | CPU cycle 


Figure 16 Bus Exchange Timing (1) 


| CPU internal operation | Bus release cycle | CPU cycle 


Ti Ti Ti Ti Tx 


Figure 17 Bus Exchange Timing (2) 
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5 HALT AND LOW POWER OPERATION MODES 

The HD64180 can operate in 4 different modes. HALT mode, 
IOSTOP mode and two low power operation modes — SLEEP and 
SYSTEM STCP. Note that in all operating modes, the basic CPU 
clock (XTAL, EXTAL) must remain active. 


5.1 HALT Mode 
HALT mode is entered by execution of the HALT instruction 

(op-code = 76H) and has the following characteristics. 

(1) The internal CPU clock remains active. 

(2) All internal and external interrupts can be received. 

(3) Bus exchange (BUSREQ and BUSACK) can occur. 

(4) Dynamic RAM refresh cycle (REF) insertion continues at the 
programmed interval. 

(5) I/O operations (ASCI, CSI/O and PRT) continue. 

(6) The DMAC can operate. 

(7) The HALT output pin ts asserted LOW. 

(8) The external bus activity consists of repeated ‘dummy’ fetches 
of the op-code following the HALT instruction. 
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Essentially, the HD64180 operates normally in HALT mode, 
except that instruction execution is stopped. 
HALT mode can be exited in the following two ways. 


RESET Exit from HALT Mode 

If the RESET input 1s asserted LOW for at least six clock cycles, 
HALT mode is exited and the normal RESET sequence (restart at 
address 00000H) 1s initiated. 





interrupt Exit from HALT Mode 

When an internal or external interrupt is generated, HALT 
mode is exited and the normal interrupt response sequence is initi- 
ated. 

If the interrupt source is masked (individually by enable bit, or 
globally by IEF, state), the HD64180 remains in HALT mode. 
However, NMI interrupt will initiate the normal NMI interrupt re- 
sponse sequence independent of the state of IEF,. 

HALT timing is shown in Fig. 18 


Interrupt 


HALT mode 


HALT op-code fetch cycle | | acknowledge cycle 
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Figure 18 HALT Timing 


5.2 SLEEP Mode 
SLEEP mode is entered by execution of the 2 byte SLP instruc- 
tion. SLEEP mode has the following characteristics 
(1) The internal CPU clock stops, reducing power consumption. 
(2) The internal crystal oscillator does not stop. 
(3) Internal and external interrupt inputs can be received. 
(4) DRAM refresh cycles stop. 
(5) I/O operations using on-chip peripherals continue. 
(6) The internal DMAC stop. 
(7) BUSREQ can be received and acknowledged. 
(8) Address outputs go HIGH and all other control signal output 
become inactive HIGH. 
(9) Data Bus, 3-state. 
SLEEP mode is exited in one of two ways as shown below. 


RESET Exit from SLEEP Mode 

If the RESET input is held LOW for at least six clock cycles, the 
HD64180 will exit SLEEP mode and begin the normal RESET se- 
quence with execution starting at address (logical and physical) 
Q0000H. 


interrupt Exit from SLEEP Mode 7 
__The SLEEP mode is exited by detection of an external (NMI, 
INT,, INT,, INT.) or internal (ASCI, CSI/O, PRT) interrupt. 

In the case of NMI, SLEEP Mode is exited and the CPU begins 
the normal NMI interrupt response sequence. 

In the case of all other interrupts, the interrupt response de- 
pends on the state of the global interrupt enable flag (IEF,) and the 
individual interrupt source enable bit. 

If the individual interrupt condition is disabled by the corres- 
ponding enable bit, occurrence of that interrupt is ignored and the 
CPU remains in the SLEEP state. 

Assuming the individual interrupt condition is enabled, the re- 
sponse to that interrupt depends on the global interrupt enable flag 
(IEF,). If interrupts are globally enabled (IEF,=1) and an in- 
dividually enabled interrupt occurs, SLEEP mode is exited and the 
appropriate normal interrupt response sequence is executed. 

If interrupts are globally disabled (IEF,=0) and an individually 
enabled interrupt occurs, SLEEP mode is exited and instruction ex- 
ecution begins with the instruction following the SLP instruction. 
Note that this provides a technique for synchronization with high 
speed external events without incurring the latency imposed by an 
interrupt response sequence. 

Fig. 19 shows SLEEP timing. 
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5.3 lOSTOP Mode 5.4 SYSTEM STOP Mode 

IOSTOP mode is entered by setting the IOSTP bit of the I/O SYSTEM STOP mode is the combination of SLEEP and 
Control Register (ICR) to 1. In this case, on-chip 1/0 (ASCI, CSI/ IOSTOP modes. SYSTEM STOP mode is entered by setting the 
O, PRT) stops operating. However, the CPU continues to operate. IOSTP bit in ICR to 1 followed by execution of the SLP instruction. 
Recovery from IOSTOP mode is by clearing the IOSTP bit in ICR In this mode, on-chip I/O and CPU stop operating, reducing power 
to 0. consumption. Recovery from SYSTEM STOP mode is the same as 


recovery from SLEEP mode, noting that internal I/O sources (dis- 
abled by IOSTOP) cannot generate a recovery interrupt. 


SLP 2nd op-code Op-code fetch or interrupt 


fetch cycle | SLEEP mode | acknowledge cycle 


eas Se ae Oe tay Ee ae ne ne ea 


iW eS 


Figure 19 SLEEP Timing 
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6 INTERRUPTS 

The HD64180 CPU has twelve interrupt sources, four external 
and eight internal, with fixed priority. 

This section explains the CPU registers associated with interrupt 


processing, the TRAP interrupt, interrupt response modes and the 
external interrupts. The detailed discussion of internal interrupt 
generation (except TRAP) is presented in the appropriate hardware 
section (i.e. PRT, DMAC, ASCI and CSI/O). 





Interrupt 


TRAP (Undefined Op-code Trap) 
NMI (Non Maskable Interrupt) 
INTo (Maskable Interrupt Level 0) 
INT; (Maskable Interrupt Level 1) 
INT2 (Maskable Interrupt Level 2) 
Timer O 

Timer 1 

DMA channel O 

DMA channel 1 

Clocked Serial I/O Port 
Asynchronous SCI channel O 
Asynchronous SCI channel 1 







Higher 
Priority 


Internal Interrupt 


External Interrupt 


OANOD A ARPWDN — 


Internal Interrupt 
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Priority 


Figure 20 Interrupt Sources 


6.1 Interrupt Control Registers and Flags 
The HD64180 contains three registers and two flags which are 
associated with interrupt processing. 


Register and 









Flag Name 
Contains upper 8-bit LD A, land 
of interrupt vector LD 1, A instructions 
iL Contains lower 8-bit I/O instruction 
of interrupt vector (addr = 33H) 
1/O instruction 
ITC interrupt/Trap control laddr = 34H) 
‘ El, Di, 
IEF, IEF Enable/disable LD A. |, and 





interrupt LD A, R instructions 


(1) Interrupt Vector Register (I) 

Mode 2 for INT, external interrupt, INT, and INT, external in- 
terrupts and all satenaal interrupts (except TRAP) use a program- 
mable vectored technique to determine the address at which inter- 
rupt processing starts. In response to the interrupt a 16-bit address 
is generated. This address accesses a vector table in memory to ob- 
tain the address at which execution restarts. 

While the method for generation of the least significant byte of 
the table address differs, all vectored interrupts use the contents of I 
as the most significant byte of the table address. By programming 
the contents of I, vector tables can be relocated on 256 bytes bound- 
aries throughout the 64k bytes logical address space. 

Note that I is read/written with the LD A, Iand LD], A instruc- 
tions rather than I/O (IN, OUT) instructions. 

I is initialized to OOH during RESET. 


(2) Interrupt Vector Low Register (IL) 
sage Vector Low ig (IL W/O Address = 33H) 


Interrupt Source Dependent ieCode: 





Programmable 


This register determines the most significant three bits of the 
low-order byte of the interrupt vector table address for external in- 
terrupts INT, and INT, and all internal interrupts (except TRAP). 
The five least significant bits are fixed for each specific interrupt 
source. By programming IL the vector table can be relocated on 32 
bytes boundaries 

IL is initialized to OOH during RESET 





(3) INT/TRAP Control Register (ITC) 
INT/TRAP Control Register (ITC I/O Address = 34H) 


bt 7 6 5 4 3 2 1 0) 
R/W R R/W R/W R/W 
ITC is used to handle TRAP interrupts and to enable or disable 
the external maskable interrupt inputs INT, , INT,, and INT.,,. 





TRAP (bit 7) 

This bit is set to 1 when an undefined op-code 1s fetched TRAP 
can be reset under program control by writing it with 0, however it 
cannot be written with 1 under program control. TRAP 1s cleared to 
0 during RESET. 


UFO: Undefined Fetch Object (bit 6) 

When a TRAP interrupt occurs (TRAP bit is set to 1), the con- 
tents of UFO allow determination of the starting address of the 
undefined instruction. This is necessary since the TRAP may occur 
on either the second or third byte of the op-code. UFO allows the 
stacked PC value (stacked in response to TR AP) to be correctly ad- 
justed. If UFO = 0, the first op-code should be interpreted as the 
stacked PC—1. If UFO = 1, the first op-code address is stacked 
PC— 2. UFO is read-only 


ITE2,1,0: Interrupt Enable 2,1,0 (bits 2-0) 

ITE2, IT ITE] an and ITEO enable and disable the external interrupt 
inputs INT,, INT,, and INT, respectively. If cleared to 0, the inter- 
rupt is masked. During RESET, ITEO is initialized to 1 while ITE] 
and ITE2 are initialized to 0 


- Interrupt Enable Fiag 1,2 (IEF,, IEF.) 
IEF, controls the overall enabling and disabling of all internal 
and external maskable interrupts (ie all interrupts except NMI and 
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TRAP). 

If IEF, = 0, all maskable interrupts are disabled. IEF, can be re- 
set to 0 by the DI (Disable Interrupts) instruction and set to 1 by 
the EI (Enable Interrupts) instruction. 

__The purpose of IEF, is to correctly manage the occurrence of 
NMI. During NMI, the prior interrupt reception state is saved and 
all maskable interrupts are automatically disabled (IEF, copied to 


IEF, and then IEF, cleared to 0). At the end of the NMI interrupt 
service routine, execution of the RETN (Return from Non-maska- 
ble Interrupt) will automatically restore the interrupt receiving state 
(by copying IEF, to IEF,) prior to the occurrence of NMI. 

IEF, state can be reflected in the P/V bit of the CPU Status regis- 
ter by executing LD A, I or LD A, R instructions. 

Table 2 shows the state of IEF, and IEF,. 


Table 2 State of IEF , and IEF, 









CPUOperation | IEF, 
RESET aa ae 
RETN ee 


Interrupt except 
NMI and TRAP 





6.2 TRAP interrupt 
The HD64180 generates a non-maskable (not affected by the 
state of IEF,) TRAP interrupt when an undefined op-code fetch oc- 
curs. This feature can be used to increase software reliability, imple- 
ment an ‘extended’ instruction set, or both. TRAP may occur dur- 
ing op-code fetch cycles and also if an undefined op-code is fetched 
during the interrupt acknowledge cycle for INT, when Mode 0 is 
used. 
When a TRAP interrupt occurs the HD64180 operates as fol- 
lows. 
(1) The TRAP bit in the Interrupt TRAP/Control (ITC) register is 
set to 1. 
(2) The current PC (Program Counter) value, reflecting the loca- 
tion of the undefined op-code, is saved on the stack. 
(3) The HD64180 vectors to logical address 0. Note that if logical 


| 0 ~—_|_ Inhibits the interrupt except NMI and TRAP. 


not affected 


a Inhibits the interrupt except NMI and TRAP 


RETI not affected 


LDA, |! Transfers the contents of IEF, to P/V flag 
LD A,R Transfers the contents of IEF, to P/V flag. 






REMARKS 


| Copies the contents of IEF , to IEF,. 
Returns from the NMI service routine. 





address 0000H is mapped to physical address 00000H, the vec- 
tor is the same as for RESET. In this case, testing the TRAP bit 
in ITC will reveal whether the restart at physical address 
00000H was caused by RESET or TRAP. 


The state of the UFO (Undefined Fetch Object) bit in ITC 
allows TRAP manipulation software to correctly ‘adjust’ the stacked 
PC depending on whether the second or third byte of the op-code 
generated the TRAP. If UFO = 0, the starting address of the in- 
valid instruction is equal to the stacked PC— 1. If UFO = 1, the 
Starting address of the invalid instruction is equal to the stacked 
PC— 2. Fig. 21 shows TRAP Timing. 

Note that Bus Release cycle, Refresh cycle, DMA cycle and 
WAIT cycle can’t be inserted just after Typ state which is inserted 
for TRAP interrupt sequence. 


© HITACHI 
462 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





HD64180R/Z 


Restart from OOOOH 


2nd op-code 
fetch cycle 


Ao—Ai18 





Do—D7 





Undefined 
op-code 





Figure 21 (a) TRAP Timing — 2nd Op-code Undefined 


Restart from OQOOH 


Op-code 
fetch cycle 






3rd op-code 
fetch cycle Memory read cycle PC stacking 
7, | | : To Ts be Te T3 


T:1 Te Ts IT, To Trp Ts T1 To Ts 





i) 





Ao—Ais8 


Do—D7 





Figure 21 (b) TRAP Timing — 2nd Op-code Undefined 
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6.3 External Interrupts 
The HD64180 has four external hardware interrupt inputs. 
(1) NMI — Non-maskable Interrupt 
(2) INT, — Maskable Interrupt Level 0 
(3) INT, — Maskable Interrupt Level 1 
(4) INT, _— Maskable Interrupt Level 2 
NMI, iNT, and INT, have fixed interrupt response modes. INT, 
has three different software programmable interrupt response mod- 
es — Mode 0, Mode 1 and Mode 2. 


6.4 NMI — Non-Maskable Interrupt 
The NMI interrupt input is edge sensitive and cannot be masked 

by software. When NMI is detected, the HD64180 operates as fol- 

lows. 

(1) DMAC operation is suspended by clearing the DME (DMA 
Main Enable) bit in DCNTL. 

(2) The PC is pushed onto the stack. 

(3) The contents of IEF, are copied to IEF,. This saves the inter- 
rupt reception state that existed prior to NMI. 

(4) IEF, is cleared to 0. This disables all external and_ internal 
maskable interrupts (i.e. all interrupts except NMI and 
TRAP). 


—lEF2 
—IEF; 
—(SP-1) 
—+(SP-2) 


—IEF2 
+—(SP) 
—(SP+ 1) 








(5) Execution commences at logical address 0066H. 

The last instruction of an NMI service routine should be RETN 
(Return from Non-maskable Interrupt). This restores the stacked 
PC, allowing the interrupted program to continue. Furthermore, 
RETN causes IEF, to be copied to IEF,, restoring the interrupt re- 
ception state that existed prior to the NMI. 

Note that NMI, since it can be accepted during HD64180 on- 
chip DMAC operation, can be used to externally interrupt DMA 
transfer. The NMI service routine can reactivate or abort the 
DMAC operation as required by the application. 

For NMI, special care must be taken to insure that interrupt 
inputs do not ‘overrun’ the NMI service routine. Unlimited NMI 
inputs without a corresponding number of RETN instructions will 
eventually cause stack overflow. 

__Fig. 22 shows the use of NMI and RETN while Fig. 23 details 
NMI response timing. NMI is edge sensitive and the internally 
latched NMI falling edge is held until it is sampled. If the falling 
edge of NMI is latched before the falling edge of clock state prior to 
T, or Ti in the last machine cycle, the internally latched NMI is 
sampled at the falling edge of the clock state prior to T, or Ti in the 
last machine cycle and NMI acknowledge cycle begins at the end of 
the current machine cycle. 








NMI 


Interrupt service 
program 


Figure 22 NMI Sequence 






T1 Te Ts Ti Ti 
@ 


i? cia aaa aaa canada 


NMI acknowledge cycle 
PC is pushed onto stack 
[pe aoe 


Te Ts Ti Teo T3 


Restart from OO66H 
Op-code fetch 












T1 To Ts 





Ao—Ais __ (Pc CX SP-1_X_SP-2__ X_0066H | 


Do—D7 


Instruction 


= <_) 


as 


S| 


Ne et 


Figure 23 NMI Timing 


© HITACHI 
464 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





6.5 INT, — Maskable interrupt Levei 0 sete eet 
___The next highest priority external interrupt after NMI is INT,. 
INT, is sampled at the falling edge of the clock state prior to T, or Ti 
in the last machine cycle. If INT, is asserted LOW at the falling edge 
of the clock state prior to T, or Ti in the last machine cycle, INT, is 
accepted. The interrupt is masked if either the IEF, flag or the ITEO 
(Interrupt Enable 0) bit in ITC are cleared to 0. Note that after RE- 
SET the state is as follows. 
(1) IEF, is 0, so INT, is masked. 
(2) ITEO is 1, so INT, is enabled by execution of the El (Enable 
Interrupts) instruction. 

The INT, interrupt is unique in that three programmable inter- 
rupt response modes are available — Mode 0, Mode 1, and Mode 2. 
The specific mode is selected with the IM 0, IM 1 and IM 2 (Set In- 
terrupt Mode) instructions. During RESET, the HD64180 is 
initialized to use Mode 0 for INT,. 





Last MC _,INTo acknowledge cycle 


T:1 Te TW Tw’ Ts 


HD64180R/Z 





The three interrupt response modes for INT, are... 
(1) Mode 0 — Instruction fetch from data bus. 
(2) Mode 1 — Restart at logical address 0038H. 
(3) Mode 2 — Low byte vector table address fetch from data bus. 


INT, Mode 0 

During the interrupt acknowledge cycle, an instruction is fetched 
from the data bus (D,-D,) at the rising edge of T,. Often, this in- 
struction is one of the eight single byte RST (RESTART) instruc- 
tions which stack the PC and restart execution at a fixed logical ad- 
dress. However, multibyte instructions can be processed if the in- 
terrupt acknowledging device can provide a multibyte response. 
Unlike all other interrupts, the PC is not automatically stacked. 

Note that TRAP interrupt will occur if an invalid instruction is 
fetched during INT, Mode 0 interrupt acknowledge. 

Fig. 24 shows INT, Mode 0 Timing. 


RST instruction execution 


| PC is pushed onto stack 


Ti Vi T1 (Te Ts Ti Te Ts 





WR \ / \ 
JOE oe ie 
RST instruction 


Do—Dy 9 —————_________{__ {eco {PCL 


MC: Machine Cycle 


* Two wait states are automatically inserted. 


Figure 24 INT, Mode O Timing (RST Instruction on the Data Bus) 
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eee’ 


INT) Mode 1 

When INT, is received, the PC is stacked and instruction execu- 
tion restarts at logical address 0038H. Both IEF, and IEF, flags are 
reset to 0, disabling all maskable interrupts. The interrupt service 
routine should normally terminate with the EI (Enable Interrupts) 


main 
rogram 

oT —(SP-1) 

—(SP-2) 


—(SP) 
—(SP+1) 


—IEF,, lEF2 





instruction followed by the RETI (Return from Interrupt) instruc- 
tion, so that the interrupts are reenabled. Fig. 25 shows the use of 
INT, (Mode 1) and RETI. 

Fig. 26 shows INT, Mode | timing. 





INTo (Mode 1) 


Interrupt service 
program 


El (1 — IEF;, 1EF2) 
RET! 


Figure 25 INT, Mode 1 Interrupt Sequence 





Ti Te Tw* Tw* Ts 


Se 


Ao—A18 


INTo acknowledge cycle 


PC is pushed onto stack 


Op-code fetch cycle 






Te Ts T1 Te Ts T1 Te T3 


* Two wait states are automatically inserted. 


Figure 26 INT ,.Mode 1 Timing 
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INT.) Mode 2 

This method determines the restart address by reading the con- 
tents of a table residing in memory. The vector table consists of up 
to 128 two-byte restart addresses stored in low byte, high byte 
order. 

The vector table address is located on 256 bytes boundaries in 
the 64k bytes logical address space as programmed in the 8-bit In- 
terrupt Vector Register (I). Fig. 27 shows the INT, Mode 2 Vector 
acquisition. 

During INT, Mode 2 acknowledge cycle, first, the low-order 8 
bits of vector is fetched from the data bus at the rising edge of T, 


16-bit Vector 


rer eS 
Interrupt Vector 8-bit on 
Register | Data Bus 








Vector + 1 


HD64180R/Z 


and CPU acquires the 16-bit vector. 

Next, the PC is stacked. Finally, the 16-bit restart address is 
fetched from the vector table and execution commences at that ad- 
dress. 

__Note that external vector acquisition is indicated by LIR and 
IOE both LOW. Two wait states (Tw) are automatically inserted for 
external vector fetch cycles 

During RESET the Interrupt Vector Register (I) is initialized to 
OOH and, if necessary, should be set to a different value prior to the 
occurrence of a INT, Mode 2 interrupt. Fig. 28 shows INT, Mode 2 
interrupt Timing. 





Memory 





High-order 8 bits 

of starting address 

3 256 Bytes 

Low-order 8 bits inated 
Vector ‘ 

of starting address Table 


Figure 27 INT, Mode 2 Vector Acquisition 
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Last MC 





Vector lower 


address read 


INTo acknowledge cycle 


PC is pushed onto stack 


Interrupt manipulation 
cycle 


T1 T2 TWTw’Ts Ti Ti Te Ts T1 Te Ts Ti T2 Ts T1 T2 T3 Ti Te Ts 


d 
we 


Ao—A18 


saga g 


Lower vector 


Starting address 


Starting address Starting address 
(lower address) (upper address) 


Do—D7 C>—< PtH >< Fa > << 
a 


* Two wait states are automatically inserted. 


Figure 28 INT, Mode 2 Timing 


6.6 INT,, INT, 

The operation of external interrupts INT, and INT, is a vector 
mode similar to INT, Mode 2. The difference i is that INT, and INT, 
generate the low- order byte of vector table address using the IL (In- 
terrupt Vector Low) register rather than fetching it from the data 
bus. This is also the interrupt response sequence used for all inter- 
nal interrupts (except TRAP). 

As shown in Fig. 29 the low-order byte of vector table address is 
comprised of the most significant three bits of the software pro- 
grammable IL register and the least significant five bits which are a 
unique fixed value for each interrupt (INT,, INT, and internal) 
source. 


INT, and INT, are globally masked by IEF, = 0. Each is also in- 
dividually maskable by respectively clearing the ITE] and ITE2 
(bits 1, 2) of the INT/TRAP control register to 0. 

During RESET, IEF,, ITE] and ITE2 bits are initialized to 0. 


6.7 Internal Interrupts 

Internal interrupts (except TRAP) use the same vectored re- 
sponse mode as INT, and INT, (Fig 29). Internal interrupts are 
globally masked by IEF, = 0. Individual internal interrupts are 
enabled/disabled by programming each individual 1/O (PRT, 
DMAC, CSI/O, ASCI) control register. The lower vector of INT,, 
INT,, and internal interrupt are summarized in Table 3. 
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tN TE Rl A NAPE sf nN tether iA Nt nner eereeetnenintinnhentene 


Memory 


16-bit Vector 


(5 bits) 


Vector + 1 





High-order 8 bits 
of starting address 


32 Bytes 
Vector Low-order 8 bits Vector 
of starting address table 





Figure 29 INT,, INT, and Internal Interrupts Vector Acquisition 


Table 3 Interrupt Source and Lower Vector 
a ae ae Fixed Code 
Priority b 


iNT, | Highest 
INT, 
PRT channel 0 

| PRT channel 1 


Interrupt Source 


DMA channel 0 
DMA channel 1 
CSi/O 

ASCi channel 0 
ASClI channel 1 





* Programmable 
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Interrupt Acknowledge Cycle Timing 
Fig. 30 shows interrupt acknowledge cycle timing for internal in- 
terrupts, INT,, and INT,. INT, and INT, are sampled at the falling 





edge of clock state prior to T, or Ti in the last machine cycle. If INT, 


or INT, is asserted LOW at the falling edge of clock state prior to T, 
or Ti in the last machine cycle, the interrupt request is accepted. 


oa Op-code 

i fetch cycle 

Last MC — ____INT,. INTz, intemal interrupt acknowledge cycle etch oy 

PC Stacking Vector Table Read 
Ti To Tw* Tw® Ts 'Tr =%IT1 Te Ts Ir, T2 Ts 'T1 Te Ts IT, Te Ts !Ti To Ts 
db 

Write \ [ Starting 

address 
Ao—Ais ypc | YX sp-1  \KSP-2___X__Vector ( Vecto+1 KX 

fee ee I 


MC: Machine Cycle. 


* Two wait states are automatically inserted. 


Figure 30 INT,, INT, and Internal interrupts Timing 


6.8 Interrupt Sources and Reset 


(1) interrupt Vector Register (I) 
All bits are reset to 0. 
Since I = 0 locates the vector tables starting at logical address 


0000H, vectored interrupts (INT, Mode 2, INT,, INT, and internal 
interrupts) will overlap with fixed restart interrupts like RESET (0), 
NMI (0066H), INT, Mode 1 (0038H) and RST (0000H - 0038H). 
The vector table(s) can be built elsewhere in memory and located 
on 256 bytes boundaries by reprogramming I with the LD I, A in- 
struction. 


(2) IL Register 

Bits 7 — 5 are reset to 0. 

The IL Register can be programmed to locate the vector table for 
INT,, INT, and internal interrupts on 32 bytes sub-boundaries 
within the 256 bytes area specified by I. 


(3) IEF,, IEF, Flags 
Reset to 0. 
Interrupts other than NMI and TRAP are disabled. 


(4) ITC Register 

ITEO are set to 1. ITE] and ITE2 are reset to 0. 

INT, can be enabled by the EI instruction, which sets IEF, = 1. 
To enable INT, and INT, also requires that the ITE] and ITE2 bits 
be respectively set = 1 by writing to ITC. 








(5) 1/0 Control Registers 

Interrupt enable bits reset to 0. 

All HD64180 on-chip I/O (PRT, DMAC, CSI/O, ASCI) inter- 
rupts are disabled and can be individually enabled by writing to each 
I/O control register interrupt enable bit. 


6.9 Difference between INT, interrupt and the other inter- 
rupts (INT,, INT. and internal interrupts) in the interrupt 
acknowledge cycles 

As shown in Fig. 24, Fig. 26, Fig. 28 and Fig. 30, the interrupt 
acknowledge cycle of INT, is different from those of the other inter- 
rupts, that is, INT,, INT, and internal interrupts concerning the 
state of control signals. The state of the control signals in each inter- 
rupt acknowledge cycle are shown below. — 

INT, interrupt acknowledge cycle: LIR = 0, IOE = 0, ST = 0 

INT,, INT,, and internal interrupt acknowledge cycle: LIR = 1, 

IOE = 1, ST = 0 
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7 MEMORY MANAGEMENT UNIT (MMU) 

The HD64180 contains an on-chip MMU which performs the 
translation of the CPU 64k bytes (16-bit addresses- 0000H to 
FFFFH) logical memory address space into a 512k bytes (19-bit ad- 
dresses- 00000H to 7FFFFH) physical memory address space. Ad- 
dress translation occurs internally in parallel with other CPU opera- 


tion. 
Common Area 1 
Bank Area 


Common Area 1 


Bank Area 





Common Area O 








HD64180R/Z 


7.1 Logical Address Spaces 

The 64k bytes CPU logical address space is interpreted by the 
MMU as consisting of up to three separate logical address areas, 
Common Area 0, Bank Area and Common Area 1. 

As shown in Fig. 31 a variety of logical memory configurations 
are possible. The boundaries between the Common and Bank 
Areas can be programmed with 4k bytes resolution. 





Common Area 1 





Figure 31 Logical Address Mapping Examples 


7.2 Logical to Physical Address Translation 

Fig. 32 shows an example in which the three logical address 
space portions are mapped into a 512k bytes physical address space. 
The important points to note are that Common and Bank Areas can 








FFFFH 


or 


xyz 





OO00H 


Logical Address Space 


overlap and that Common Area 1 and Bank Area can be freely relo- 
cated (on 4k bytes physical address boundaries). Common Area 0 
(if it exists) is always based at physical address 00000H. 


7FFFFH 





OOO000H 
Physical Address Space 


Figure 32 Logical — Physical Memory Mapping Example 
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7.3 MMU Block Diagram 
The MMU block diagram is shown in Fig. 33. The MMU trans- 
lates internal 16-bit logical addresses to external 19-bit physical ad- 

























dresses. 
Internal Address/Data Bus 
MMU Common/Bank Area MMU Common Base 
Register; CBAR (8) Register; CBR (7) 
MMU Bank Base 
Register; BBR (7) 
7 
PA12—PAis 
LA: Logical Address 
PA: Physical Address 
Figure 33 MMU Block Diagram 
Whether address translation takes place depends on the type of (2) I/O Cycles 
CPU cycle as follows. The MMU is logically bypassed for I/O cycles. The 16-bit logical 
(1) Memory Cycles I/O address space corresponds directly with the 16-bit physical I/O 
Address Translation occurs for all memory access cycles includ- address space. The upper three bits (A,,-A,,) of the physical ad- 
ing instruction and operand fetches, memory data reads and writes, dress are always 0 during I/O cycles. 


hardware interrupt vector fetch and software interrupt restarts. 


LAis LAo 
7 Logical Address 
“000 
PAis PAie PAis PAo 
Physical Address 
Figure 34 1/O Address Translation 
(3) DMA Cycles registers in the DMAC are directly output on the physical address 

When the HD64180 on-chip DMAC is using the external bus, bus (A,-Aj,)- 


the MMU is physically bypassed. The 19-bit source and destination 
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7.4 MMU Registers 

Three MMU registers are used to program a specific configura- 
tion of logical and physical memory. 

(1) MMU Common/Bank Area Register (CBAR) 
(2) MMU Common Base Register (CBR) 
(3) MMU Bank Base Register (BBR) 

CBAR is used to define the logical memory organization, while 
CBR and BBR are used to relocate logical areas within the 512k 
bytes physical address space. The resolution for both setting bound- 
aries within the logical space and relocation within the physical 


1 2 


Common Area 1 


Common Area 1 


Bank Area 
Bank Area 


Common Area 0 





Common Area 1 
Lower limit address 


Common Area 1 
Lower limit address 


> > 
Bank Area Bank Area 
Lower limit address | Lower limit address 
> = 
OOOOH OOOOH 


(RESET condition) 
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space is 4k bytes. 

The CAR field of CBAR determines the start address of Com- 
mon Area | (Upper Common) and by default, the end address of 
the Bank Area. The BAR field determines the start address of the 
Bank Area and by default, the end address of Common Area 0 
(Lower Common). 

The CA and BA fields of CBAR may be freely programmed sub- 
ject only to the restriction that CA may never be less than BA. Fig. 
35 and Fig. 36 shows example of logical memory organizations as- 
sociated with different values of CA and BA. 


3 4 


Common Area 1 


[Common Area 1| 


‘Common Area O 





Common Area 1 Common Area 1 
Lower limit address Lower limit address 


Bank Area Bank Area 
Lower limit address Lower limit address 
> = 
OOOOH OOOOH 


Figure 35 Logical Memory Organization 


MMU Common/Bank Area Register 


tL tfol1} & ——cerren 


D7 DeDs Da 


MMU Common/Bank Area Register 


) 4000H 
OL O10} 4 ———~ arr 


D3 D2D:1Do 


FFFFH | 
Common Area 1 
DOOOH | 


Bank Area 





OOOOH 


Figure 36 Logical Space Configuration (Example) 
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7.5 MMU Register Description 


(1) MMU Common/Bank Area Register (CBAR) 

CBAR specifies boundaries within the HD64180 64k bytes logi- 
cal address space for up to three areas, Common Area 0, Bank 
Area, and Common Area 1. 


MMU Common/Bank Area Register (CBAR . /O Address = 3AH) 
bit 7 6 5 4 3 2 1 C0] 
R/W R/W R/W R/W R/W R/W R/W R/V 


CA3-CAO: CA (bits 7-4) 

CA specifies the start (low) address (on 4k bytes boundaries) for 
the Common Area 1. This also determines the last address of the 
Bank Area. All bits of CA are initialized to 1 during RESET 


BA3-BAO: BA (bits 3-0) 

BA specifies the start (low) address (on 4k bytes boundaries) for 
the Bank Area. This also determines the last address of the Com- 
mon Area 0. All bits of BA are initialized to 0 during RESET. 


(2) MMU Common Base Register (CBR) 

CBR specifies the base address (on 4k bytes boundaries) used to 
generate a 19-bit physical address for Common Area | accesses. All 
bits of CBR are initialized to 0 during RESET. 


MMU Common/ al 
Bank Area 
Register 


D7—D 
Pe Comparator 4 


MMU Common/ 4 


Bank Area 
Register 


D3s—Do 


MMU Common Base Reg ms 


MMU Bank Base Reg 


18 Q 
. on 2 " — Physical 
= | 612%) 


Figure 37 Physical Address Generation 


MMU Common Base Register (CBR . /O Address = 38H) 
bit 7 6 5 4 3 2 1 10) 
[= | coo | cos | coe | cor | cor | cor | ooo 
R/W R/W R/W R/W R/W R/W R/W 


(3) MMU Bank Base Register (BBR) 

BBR specifies the base address (on 4k bytes boundaries) used to 
generate a 19-bit physical address for Bank Area accesses. All bits of 
BBR are initialized to 0 during RESET. 


MMU Bank Base pie a VO Address = ck 


R/W 


7.6 Physical Address Translation 

Fig. 37 shows the way in which physical addresses are generated 
based on the contents of CBAR, CBR and BBR. MMU compara- 
tors classify an access by logical area as defined by CBAR. Depend- 
ing on which of the three potential logical areas (Common Area 1, 
Bank Area or Common Area 0) is being accessed, the appropriate 
7-bit base address is added to the upper 4 bits of the logical address, 
yielding a 19-bit physical address. CBR is associated with Common 
Area | accesses. Common Area 0 accesses use a (non-accessible, 
internal) base register which contains 0. Thus, Common Area 0, if 
defined, is always based at physical address OOOO0H. 


Aout 


aah 
(64k) 
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7.7 MMU and RESET 

During RESET, all bits of the CA field of CBAR are set to | 
while all bits of the BA field of CBAR, CBR, and BBR are cleared to 
0. The logical 64k bytes address space corresponds directly with the 
first 64k bytes (0000H to FFFFH) of the 512k bytes (00000H to 
7FFFFH) physical address space. Thus, after RESET, the 
HD64180 will begin execution at logical and physical address 0. 


7.8 MMU Register Access Timing 

When data is written into CBAR, CBR, or BBR, the value will 
be effective from the cycle immediately following the I/O write cycle 
which updates these registers. 

Care must be taken during MMU programming to insure that 
CPU program execution is not disrupted. Observe that the next cy- 
cle following MMU register programming will normally be an op- 
code fetch from the newly translated address. One simple technique 
is to localize all MMU programming routines in a Common Area 
that is always enabled. 


MCi 


R 


efresh cycle 
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8 DYNAMIC RAM REFRESH CONTROL 

The HD64180 incorporates a dynamic RAM refresh control cir- 
cuit including 8-bit refresh address generation and programmable 
refresh timing. This circuit generates asynchronous refresh cycles 
inserted at the programmable interval independent of CPU pro- 
gram execution. For systems which don’t use dynamic RAM, the 
refresh function can be disabled. 

When the internal refresh controller determines that a refresh 
cycle should occur, the current instruction is interrupted at the first 
breakpoint between machine cycles. The refresh cycle is inserted by 
placing the refresh address on A,-A, and the REF output is driven 
LOW. 

Refresh cycles may be programmed to be either two or three 
clock cycles in duration by programming the REFW (Refresh Wait) 
bit in Refresh Control Register (RCR). Note that the external 
WAIT input and the internal wait state generator are not effective 
during refresh 

Fig. 38 shows the timing of a refresh cycle with a refresh wait 
(Tw) cycle. 


MCi-+ 1 


MC! fetes cle wert 


Tri 


Trw” Tro 


Refresh signal / \ 


(internal signal) 


Refresh address KX Ao—A7z__ _X___ 





NOTE: * If three refresh cycles are specified, TRw, is inserted. 
Otherwise, Try is not inserted. 


MC: Machine Cycle 


Figure 38 Refresh Timing 


8.1 Refresh Control Register (RCR) 
RCR specifies the interval and length of refresh cycles, as well as 
enabling or disabling the refresh function. 


Refresh Control! Register (RCR. 1/O Address = 36H) 
bit 


7 6 5 4 3 2 1 10] 
Ps a Bee PS 
R/W R/wW R/W RAN 

REFE: Refresh Enable (bit 7) 


REFE = 0 disables the refresh controller while REFE = 1 ena- 
bles refresh cycle insertion. REFE is set to 1 during RESET. 


REFW: Refresh Wait (bit 6) 

REFW = 0 causes the refresh cycle to be two clocks in duration. 
REFW = 1 causes the refresh cycle to be three clocks in duration 
by adding a refresh wait cycle (Tpw). REFW is set to 1 during RE- 
SET. 


CYC1, 0: Cycle Interval (bits 1-0) 

CYC1 and CYCO specify the interval (in clock cycles) between 
refresh cycles. 

In the case of dynamic RAMs requiring 128 refresh cycles every 
2 ms (or 256 cycles every 4 ms), the required refresh interval is less 
than or equal to 15.625 ws. Thus, the underlined values indicate the 
best refresh interval depending on CPU clock frequency. CYCO and 
CYC1 are cleared to 0 during RESET. 


@ HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


475 








HD64180R/Z 


Table 4 Refresh Interval 






insertion 
interval 


cYyc1 ; CYCO 





















* calculated interval 


8.2 Refresh control and reset 

After RESET, based on the initialized value of RCR, refresh cy- 
cles will occur with an interval of 10 clock cycles and be 3 clock cy- 
cles in duration. 


8.3 Dynamic RAM refresh operation notes 

(1) Refresh cycle insertion is stopped when the CPU is in the fol- 
lowing states. 

(a) During RESET 

(b) When the bus is released in response to BUSREQ 
(c) During SLEEP mode 

(d) During WAIT states 

(2) Refresh cycles are suppressed when the bus is released in re- 
sponse to BUSREQ. However, the refresh timer continues to 
operate. Thus, the time at which the first refresh cycle occurs 
after the HD64180 re-acquires the bus depends on the refresh 
timer, and has no timing relationship with the bus exchange. 

(3) Refresh cycles are suppressed during SLEEP mode. If a refresh 
cycle is requested during SLEEP mode, the refresh cycle re- 
quest is internally ‘latched’ (until replaced with the next re- 
fresh request). The ‘latched’ refresh cycle is inserted at the end 
of the first machine cycle after SLEEP mode is exited. After 
this initial cycle, the time at which the next refresh cycle will 
occur depending on the refresh time, and has no timing rela- 
tionship with the exit from SLEEP mode. 

(4) Regarding (2) and (3), the refresh address is incremented by 1 
for each successful refresh cycle, not for each refresh request. 
Thus, independent of the number of ‘missed’ refresh requests, 
each refresh bus cycle will use a refresh address incremented 
by | from that of the previous refresh bus cycles. 


T1 Te2 Tw 









10 states (1.0 us)* (1.25 ws)* 
20 states (2.0 us)* (2 5 ys)" 
40 states (4.0 us)* (5.0 ws)* 
80 states (8.0 us)" (100 yws)* 


Time interval 


9 WAIT STATE GENERATOR 
9.1 Wait State Timing 

To ease interfacing with slow memory and I/O devices, the 
HD64180 uses wait states (Tw) to extend bus cycle timing. A wait 
state(s) is inserted based on the combined (logical OR) state of the 
external WAIT input and an internal programmable wait state (Tw) 
generator. Wait states (Tw) can be inserted in both CPU execution 
and DMA transfer cycles. 


9.2 WAIT Input 

When the external WAIT input is asserted LOW, wait state 
(Tw) are inserted between T, and T, to extend the bus cycle dura- 
tion. The WAIT input is sampled at the falling edge of the system 
clock in T, or Tw. If the WAIT input is asserted LOW at the falling 
edge of the system clock in Tw, another Tw is inserted into the bus 
cycle. Note that WAIT input transitions must meet specified set-up 
and hold times. This can easily be accomplished by externally syn- 
chronizing WAIT input transitions with the rising edge of the sys- 
tem clock. 

Dynamic RAM refresh is not performed during wait states (Tw) 
and thus systems designs which uses the automatic refresh function 
must consider the affects of the occurrence and duration of wait 
states (Tw). 

Fig. 39 shows WAIT timing. 











Tw T3 T1 
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Figure 39: WAIT Timing 
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9.3 Programmable Wait State Insertion 

In addition to the WAIT input, wait states (Tw) can also be pro- 
grammably inserted using the HD64180 on-chip wait state gener- 
ator. Wait state (Tw) timing applies for both CPU execution and 
on-chip DMAC cycles. 

By programming the 4 significant bits of the DMA/WAIT Con- 
trol Register (DCNTL), the number of wait states (Tw) automat- 
ically inserted in memory and I/O cycles can be separately specified. 
Bits 4-5 specify the number of wait states (Tw) inserted for I/O ac- 
cess and bits 6-7 specify the number of wait states (Tw) inserted for 
memory access. 





DMA/WAIT Control Register 
(DCNTL W/O Address = 32H) 


R/W R/W R/W R/W 


The number of wait states (Tw) inserted in a specific cycle is the 
maximum of the number requested by the WAIT input, and the 





number automatically generated by the on-chip wait state gener- 
ator. 


MWI1, MWIO: Memory Wait Insertion (bits 7-6) 

For CPU and DMAC cycles which access memory (including 
memory mapped I/O), 0 to 3 wait states may be automatically in- 
serted depending on the programmed value in MWI1 and MWIO. 


oes 

oo 
essa 
eae 








IWI1, IWI0: 1/0 Wait Insertion (bits 5-4) 
For CPU and DMA cycles which access external I/O (and inter- 
rupt acknowledge cycles), 1 to 6 wait states (Tw) may be automat- 


ically inserted depending on the programmed value in IWI1 and 
IwI0. 


The number of wait states 


For INT ,, INT, and 
internal interrupts acknowledge cy- 
acknowledge cy- cles when LIR is 


For internal I/O 
registers accesses 


For external I/O 
registers accesses 


For NMI interrupt 


For INT, interrupt 
acknowledge cy- 
cles when LIR is 





cles LOW 
(Note (2)) (Note (2)) 


NOTE. (1) For HD64180 internal I/O register access (I/O addresses OOOOH-O003FH), IWi1 and IWIO do not determine wait state (Tw) timing For ASCi, CS!1/ 
O and PRT Data Register accesses, O to 4 wait states (Tw) will be generated Wait states inserted during access to these registers ts a function 


of internal synchronization requirements and CPU state 


All other on-chip I/O register accesses (}e MMU, DMAC, ASC! Control Registers, etc ) have O wait states inserted and thus require only three 


clock cycles 


(2) For interrupt acknowledge cycles in which LIR is HIGH, such as interrupt vector table read and PC stacking cycle, memory access timing applies. 


9.4 WAIT Input and RESET 

During RESET, MWI1, MWIO, IWI1 and IWI0 are all set to 1, 
selecting the maximum number of wait states (Tw) (3 for memory 
accesses, 4 for external I/O accesses). 

Also, note that the WAIT input is ignored during RESET. For 





example, if RESET is detected while the HD64180 1s in a wait state 
(Tw), the wait stated cycle in progress will be aborted, and the RE- 
SET sequence initiated. Thus, RESET has higher priority than 
WAIT. 
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10 DMA CONTROLLER (DMAC) 

The HD64180 contains a two channel DMA (Direct Memory 
Access) controller which supports high speed data transfer. Both 
channels (channel 0 and channel 1) have the following capabilities. 


Memory Address Space 

Memory source and destination addresses can be directly speci- 
fied anywhere within the 512k bytes physical address space using 
19-bit source and destination memory addresses. In addition, 
memory transfers can arbitrarily cross 64k bytes physical address 
boundaries without CPU intervention. 


I/O Address Space 

I/O source and destination addresses can be directly specified 
anywhere within the 64k bytes I/O address space (16-bit source and 
destination I/O addresses). 


Transfer Length 
Up to 64k bytes can be transferred based on a 16-bit byte count 
register. 


DREQ Input 
Level and edge sense DREQ input detection are selectable. 


TEND Output 
Used to indicate DMA completion to external devices. 


Transfer Rate 

Each byte transfer can occur every six clock cycles. Wait states 
can be inserted in DMA cycles for slow memory or I/O devices. At 
the system clock (¢@) = 6 MHz, the DMA transfer rate is as high as 
1.0 megabytes/second (no wait states). 

Additional feature disk for DMA interrupt request by DMA 
END. 

Each channel has the following additional specific capabilities. 


Channel 0 

* Memory <——> memory, memory <—~> I/O, memory <—> 
memory mapped I/O transfers 

- Memory address increment, decrement, no-change 

- Burst or cycle steal memory <——> memory transfers 

* DMA to and from both ASCI channels 

* Higher priority than DMAC channel 1 


Channel 1 
* Memory <—> I/O transfer 
- Memory address increment, decrement 


DMAC Registers 
Each channel of the DMAC (channel 0, 1) has three registers 
specifically associated with that channel. 


Channel 0 
SARO ~ Source Address Register 
DARO -— Destination Address Register 
BCRO — Byte Count Register 
Channel J 
MARI — Memory Address Register 
IARI — I/O Address Register 
BCR] — Byte Count Register 


The two channels share the following three additional registers 
in common. 
DSTAT — DMA Status Register 
DMODE — DMA Moce Register 
DCNTL — DMA Control Register 


10.1 DMAC Block Diagram 
Fig. 40 shows the HD64180 DMAC Block Diagram. 


Internal Address/Data Bus 





a7 


DMA Source Address 
Register chO : SARO (19) 


DMA Destination Address 
Register chO : DARO (19) 


DMA Byte Count 
Register chO : BCRO (16) 


DMA Memory Address 
Register ch1 : MAR1 (19) 


DMA I/O Address 
Register ch1 : IAR1 (16) 


DMA Byte Count 
Register ch1 : BCR1 (16) 


| 


Incrementer/Decrementer (19) 


DMA Status 
Register : DSTAT (8) 


DMA Mode 
Register : DMODE (8) 


DMA/WAIT Control 
Register : DCNTL (8) 


DMA Control 












Bus & CPU 
Control 






~ ‘TENDo 
“TEND: 
Interrupt Request 


Figure 40 DMAC Block Diagram 
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10.2 DMAC Register Description 


(1) DMA Source Address Register Channei 0 (SARO: 1/O Ad- 
dress = 20H to 22H) 

Specifies the physical source address for channel 0 transfers. The 
register contains 19 bits and may specify up to 512k bytes memory 
addresses or up to 64k bytes I/O addresses. Channel 0 source can 
be memory, I/O or memory mapped I/O 


(2) DMA Destination Address Register Channel 0 (DARO: 1/O 
Address = 23H to 25H) 

Specifies the physical destination address for channel 0 transfers. 
The register contains 19 bits and may specify up to 512k bytes 
memory addresses or up to 64k bytes I/O addresses. Channel 0 de- 
stination can be memory, I/O or memory mapped I/O. 


(3) DMA Byte Count Register Channel 0 (BCRO: I/O Address 
= 26H to 27H) 

Specifies the number of bytes to be transferred. This register 
contains 16 bits and may specify up to 64k bytes transfers. When 
one byte 1s transferred, the register is decremented by one. If ‘‘n”’ 
bytes should be transferred, ‘‘n’’ must be stored before the DMA 
operation. 


(4) DMA Memory Address Register Channel 1 (MAR1: 1/0 
Address = 28H to 2AH) 
Specifies the physical memory address for channel | transfers. 
This may be destination or source memory address. 
This register contains 19 bits and may specify up to 512k bytes 
memory addresses. 


(5) DMA I/O Address Register Channel 1 (IAR1: I/O Address 
= 2BH to 2CH) 
Specifies the I/O address for channel | transfers. This may be 
destination or source I/O address. This register contains 16 bits and 
may specify up to 64k bytes I/O addresses. 


(6) DMA Byte Count Register Channel 1 (BCR1: I/O Address 
= 2EH to 2FH) 
Specifies the number of bytes to be transferred. This register 
contains 16 bits and may specify up to 64k bytes transfers. When 
one byte is transferred, the register is decremented by one. 


(7) DMA Status Register (DSTAT) 

DSTAT is used to enable and disable DMA transfer and DMA 
termination interrupts. DSTAT also allows determining the status 
of a DMA transfer i.e. completed or in progress. 


DMA Status Register (DSTAT 1/O Address = 30H) 
bit 


7 6 5 4 3 2 1 0 
RW ORO w RW OR R 


DE1: DMA Enable Channel 1 (bit 7) 

When DEl = 1 and DME = 1, channel 1 DMA is enabled. 
When a DMA transfer terminates (BCR1 = 0), DE] is reset to 0 
by the DMAC. When DE] = 0 and the DMA interrupt is enabled 
(DIE1 = 1), a DMA interrupt request is made to the CPU. 

To perform a software write to DE], DWE1 should be written 
with 0 during the same register write access. Writing DE] to 0 disa- 
bles channel 1 DMA, but DMA is restartable. Writing DE] to 1 
enables channel 1 DMA and automatically sets DME (DMA Main 
Enable) to 1. DE] is cleared to 0 during RESET. 





DEO: DMA Enable Channel 0 (bit 6) 

When DEO = 1 and DME = 1, channel 0 DMA is enabled. 
When a DMA transfer terminates (BCRO = 0), DEO is cleared to 0 
by the DMAC. When DEO = 0 and the DMA interrupt is enabled 
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(DIEO = 1), a DMA interrupt request is made to the CPU. 

To perform a software write to DEO, DWEO should be written 
with 0 during the same register write access. Writing DEO to 0 disa- 
bles channel 0 DMA. Writing DEO to 1 enables channel 0 DMA 
and automatically sets DME (DMA Main Enable) to 1. DEO is 
cleared to 0 during RESET. 


DWE1: DE1 Bit Write Enable (bit 5) : 

When performing any software write to DE1, DWE1 should be 
written with 0 during the same access. DWE1 write value of 0 is not 
held and DWE] is always read as 1. 


DWEO: DEO Bit Write Enable (bit 4) 

When performing any software write to DEO, DWEO should be 
written with 0 during the same access. DWEO write value of 0 is not 
held and DWE is always read as 1. 








DIE1: DMA Interrupt Enable Channel 1 (bit 3) 

When DIE1 is set to 1, the termination of channel 1 DMA trans- 
fer (indicated when DE1 = 0) causes a CPU interrupt request to be 
generated. When DIE] = 0, the channel 1 DMA termination inter- 
rupt is disabled. DIE] 1s cleared to 0 during RESET. 


DIEO: DMA Interrupt Enable Channel 0 (bit 2) 

When DIE0 is set to 1, the termination channel 0 of DMA trans- 
fer (indicated when DEO = 0) causes a CPU interrupt request to be 
generated. When DIEO = 0, the channel 0 DMA termination inter- 
rupt is disabled. DIEO is cleared to 0 during RESET. 


DME: DMA Main Enable (bit 0) 

A DMA operation is only enabled when its DE bit (DEO for 
channel 0, DE] for channel 1) and the DME bit are set to 1. 

When NMI occurs, DME is reset to 0, thus disabling DMA ac- 
tivity during the NMI interrupt service routine. To restart DMA, 
DEO and/or DE] should be written with 1 (even if the contents are 
already 1). This automatically sets DME to 1, allowing DMA opera- 
tions to continue. Note that DME cannot be directly written. It is 
cleared to 0 by NMI or indirectly set to 1 by setting DEO and/or 
DEI to 1. DME is cleared to 0 during RESET. 


(8) DMA Mode Register (DMODE) 
DMODE is used to set the addressing and transfer mode for 
channel 0. 


DMA Mode Register (DMODE 1/O Address = 31H) 
7 6 5 4 3 2 1 0 
R/W R/W R/W R/W R/W 


DM1, DMO: Destination Mode Channel 0 (bits 5, 4) 

Specifies whether the destination for channel 0 transfers is 
memory, I/O or memory mapped I/O and the corresponding ad- 
dress modifier. DM1 and DMO are cleared to 0 during RESET. 


bit 





Table 5 Destination 


Address 
| +1 


cai | 
fixed 
fixed 
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SM1, SMO: Source Mode Channel 0 (bits 3, 2) 

Specifies whether the source for channel 0 transfers is memory, 
I/O or memory mapped I/O and the corresponding address 
modifier. SM1 and SMO are cleared to 0 during RESET. 

Table 7 shows all DMA transfer mode combinations of DMO, 
DM1, SMO, SM1. Since I/O <-— > I/O transfers are not imple- 
mented, twelve combinations are available. 


Table 6 Source 


Address 





Table 7 Combination of Transfer Mode 













DM1 DMO SM1- SMO 

























Transfer Mode Acdress 
Increment/Decrement 


10) 0 0 0 Memory—Memory SARO+ 1, DARO+ 1 

8) O O 1 Memory—Memory SARO— 1, DARO+ 1 

0 OQ 1 0 Memory*-—*Memory SARO fixed, DARO+ 1 

@) 0 1 1 1/O—-Memory SARO fixed, DARO+ 1 
| 0 1 0 0 Memory-—*Memory SARO+ 1, DARO— 1 

0 1 0 1 Memory-—-Memory SARO— 1, DARO— 1 

0 1 1 0 Memory*—Memory SARO fixed, DARO— 1 

Q 1 1 1 1/(O--Memory SARO fixed, DARO— 1 

1 0 0) 0 Memory—Memory* SARO-+ 1, DARO fixed 

1 0 0 1 Memory—Memory* SARO— 1, DARO fixed 

1 @] 1 0 reserved 

1 0 1 1 reserved 

1 1 0 0) Memory—l/O SARO+ 1, DARO fixed 

1 1 0 1 Memory—1/O SARO— 1, DARO fixed 

1 1 1 0 reserved 

1 1 1 1 reserved 
































* : includes memory mapped I/O 


MMOD: Memory Mode Channel 0 (bit 1) 

When channel 0 is configured for memory <—> memory 
transfers, the external DREQ, input is not used to control the trans- 
fer timing. Instead, two automatic transfer timing modes are selec- 
table — burst (MMOD = 1) and cycle steal (MMOD = 0). For 
burst memory <——> memory transfers, the DMAC wiil sieze con- 
trol of the bus continuously until the DMA transfer completes (as 
shown by the byte count register = 0). In cycle steal mode, the 
CPU is given a cycle for each DMA byte transfer cycle until the 
transfer is completed. 

For channel 0 DMA with I/O source or destination, the DREQ, 
input times the transfer and thus MMOD is ignored. MMOD is 
cleared to 0 during RESET. 


DMA/WAIT Control Register (DCNTL) 

DCNTL controls the insertion of wait states into DMAC (and 
CPU) accesses of memory or I/O. Also, the DMA request mode for 
each DREQ (DREQ, and DREQ,) input is defined as level or edge 
sense. DCNTL also sets the DMA transfer mode for channel 1, 
which is limited to memory <——> I/O transfers. 











DMA/WAIT Control Register (OCNTL 1/O Address = 32H) 





MWI1, MWIO: Memory Wait Insertion (bits 7-6) 

Specifies the number of wait states introduced into CPU or 
DMAC memory access cycles. MWI1 and MW]0are set to 1 during 
RESET. See section of Wait State Control for details. 


I1WI1, [WIO: 1/0 Wait Insertion (bits 5-4) 

Specifies the number of wait states introduced into CPU or 
DMAC I/O access cycles. [WI1 and IWIO are set to 1 during RE- 
SET. See section of Wait State Control for details. 


DMS1, DMSO: DMA Request Sense (bits 3-2) 

_DMS1 and DMSO specify the DMA request sense for channel 0 
(DREQ,) and channel 1 (DREQ,) respectively. When reset to 0, 
the input is level sense. When set to 1, the input is edge sense. 
DMS1 and DMS0 are cleared to 0 during RESET. 





DIM1, DIMO: DMA Channel 1 1/O and Memory Mode (bits 1-0) 

Specifies the source/destination and address modifier for chan- 
nel 1 memory <——> I/O transfer modes. IM1 and IMO are cleared 
to 0 during RESET. 


Table 8 Channel 1 Transfer Mode 


led Transfer Mode 









Address 
Increment/Decrement 











Memory—l/O MAR1+ 1, IAR1 fixed 
Memory—!/O MAR1— 1, 1AR1 fixed 
1/O—Memory IAR1 fixed, MAR1+ 1 






1/O-—-Memory IAR1 fixed, MAR1— 1 
10.3 DMA Operation 

This section discusses the three DMA operation modes for 
channel 0, memory <——> memory, memory <——> I/O and 
memory <—-> memory mapped I/O. In addition, the operation of 
channel 0 DMA with the on-chip ASCI (Asynchronous Serial 
Communication Interface) as well as Channel 1 DMA are de- 
scribed. 
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(1) Memory <——> Memory — Channel 0 ea 

For memory <—> memory transfers, the external DREQ, 
input is not used for DMA transfer timing. Rather, the DMA oper- 
ation is timed in one of two programmable modes — burst or cycle 
steal. In both modes, the DMA operation will automatically pro- 
ceed until termination as shown by byte count (BCRO) = 0. 

In burst mode, the DMA operation will proceed until termina- 
tion. In this case, the CPU cannot perform any program execution 


Previous 
DMA cycle 


LD gm Source 
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until the DMA operation is completed. 

In cycle steal mode, the DMA and CPU operation are alternated 
after each DMA byte transfer until the DMA is completed. The se- 
quence ... 


1 CPU Machine rb 
CDMA Byte Transfer 


. is repeated until DMA is completed. Fig. 41 shows cycle steal 
mode DMA timing. 


CPU cycle DMA cycle (transfer 1 byte) CPU cycle DMA cycle 


Destination LD g.m 


op-code address memory address memory address operand address 


ME / \ / \ [ \ [ N\ [ -\ 


We eee Ne 


LD g,m Read data 


White data 


m 
aaa: OED ase, RIN, GMM, OEM 


Figure 41 Cycle Steal Mode DMA Timing 


To initiate memory <—-> memory DMA transfer for channel 
0, perform the following operations. 
Load the memory source and destination addresses into SARO 
and DARO. 
Specify memory <——> memory mode and address incre- 
ment/decrement in the SM0, SM1, DMO and DMI bits of 
DMODE. 
Load the number of bytes to transfer in BCRO. 
Specify burst or cycle steal mode in the MMOD bit of DCNTL. 
Program DEO = 1 (with DWEO = 0 in the same access) in 
DSTAT and the DMA operation will start 1 machine cycle 
later. If interrupt occurs at the same time, the DIEO bit should 
be set to 1. 





QO © © 


(2) Memory <—— 1/0 (Memory Mapped I/O) — Channel 0 

For memory <—> I/O (and memory <—-> memory mapped 
I/O) the DREQ, input is used to time the DMA transfers. In addi- 
tion, the TEND, (Transfer End) output is used to indicate the last 
(byte count register BCRO = 00H) transfer. 

The DREQ, input can be programmed as level or edge sensitive. 

When level sense is programmed, the DMA operation begins 
when DREQ, is sampled LOW. If DREQ, is sampled HIGH, after 
the next DMA byte transfer, control is relinquished to the 
HD64180 CPU. As shown in Fig. 42. DREQ, is sampled at the ris- 
ing edge of the clock cycle prior to T; i.e. either T, or Tw. 














DMA Write Cycle Nites Machine sad DMA Read Cycle | DMA Write Cycle (I/O) | 


Tw Tw 73 Ty T2 Ts M1 


Ts Ti Te Tw Tw T3 Ti T2 


ee om Fa a a i i sf fee 


ae | ee 


DREQo 


** DREQo is sampled at |. 


Figure 42 CPU Operation and DMA Operation 
(DREQ , 1s programmed for level sense) 
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When edge sense is programmed, DMA operation begins at the 
falling edge of DREQ,. If another falling edge is detected before the 
rising edge of the clock prior to T; during DMA write cycle (..e. T, 
or Tw), the DMAC continues operating. If an edge is not detected, 
the CPU is given control after the current byte DMA transfer com- 


CPU machine | DMA read 


DMA write cycle cycle cycle 


Tw T3 T1 Te Ts +%T1 ‘Te Ts 


fof 





Ti Te 


pletes. The CPU will continue operating until a DREQ, falling edge 
is detected before the rising edge of the clock prior to T, at which 
time the DMA operation will (re)start. Fig. 43 shows the edge sen- 
se DMA timing. 


CPU machine 


DMA write cycle cycle 


Tw Ts T1 =Te Ts 


ey 


ea 


** DREQo is sampled at |. 


Figure 43 CPU Operation and DMA Operation 
(DREQ, is programmed for edge sense) 


During the transfers for channel 0, the TEND, output will go 
LOW synchronous with the write cycle of the last (BCRO = 00H) 


DMA transfer as shown in Fig. 44. 


Last DMA cycle (BCRO = OOH) 





TENDo \ / 


Figure 44 TEND, Output Timing 


The DREQ, and TEND, pins are programmably multiplexed 
with the CKAO and CKAI1 ASCI clock input/outputs. However, 
when DMA channel 0 is programmed for memory <——> I/O (and 
memory <—-> memory mapped I/O) transfers, the CKA0/DRE- 
Q, pin automatically functions as input pin even if it has been pro- 
grammed as output pin for CKAO. And the CKAI/TEND, pin 
functions as output pin for TEND, by setting CKAID to 1 in 
CNTLAI. 

To initiate memory <--> I/O (and memory <—> memory 
mapped I/O) DMA transfer for channel 0, perform the following 
operations. 

@) Load the memory and I/O or memory mapped I/O source and 
destination addresses into SARO and DARO. Note that I/O ad- 
dresses (not memory mapped I/O) are limited to 16 bits (A,- 
A,,). Make sure that bits A,, and A,, are 0 (A;, is a don’t 
care) to correctly enable the external DREQ, input. 

Specify memory <——> I/O or memory <—~> memory map- 
ped I/O mode and address increment/decrement in the SMO, 
SM1, DMO, and DM1 bits of DMODE. 

Load the number of bytes to transfer in BCRO. 

Specify whether DREQ, is edge or level sense by programming 
the DMSO bit of DCNTL. 

Enable or disable DMA termination interrupt with the DIEO 
bit in DSTAT. 

Program DEO = 1 (with DWEO = 0 in the same access) in 











© 


© © ©6©& 


DSTAT and the DMA operation will begin under the control 
of the DREQ, input. 


(3) Memory <—~> ASCI — Channel 0 
Channel 0 has extra capability to support DMA transfer to and 
from the on-chip two channel ASCI. In this case the external DRE- 
Q, input is not used for DMA timing. Rather, the ASCI status bits 
are used to generate an internal DREQ,. The TDRE (Transmit 
Data Register Empty) bit and the RDRF (Receive Data Register 
Full) bit are used to generate an internal DREQ, for ASCI trans- 
mission and reception respectively. 
To initiate memory <—> ASCI DMA transfer, perform the 
following operations. 
@) Load the source and destination addresses into SARO and 
DARO. Specify the I/O (ASCI) address as follows. 
Bits A,-A, should be contain the address of the ASCI channel 
transmitter or receiver (I/O addresses 06H-09H). 
Bits A,-A,,; should equal 0. 
Bits A,,;-A,, should be set according to the following table to 
enable use of the appropriate ASCI status bit as an internal 
DMA request. 
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Table 9 DMA Request 


rx | o | o [omo, 
ae ee 
eres ere 
ae ee 

X Don’t care 


[x [| o [| o |[orea, | 

x | o | 1 | TORE (ASCIchannelo) _| 
Px [1 | 0 | Tore (ascichanmett) 
ed a 
X Don't care 
























reserved 


(2) Specify memory <—— > I/O transfer mode and address incre- 
ment/decrement in the SMO, SM1, DMO and DM1 bits of 
DMODE. 

Load the number of bytes to transfer in BCRO. 

The DMA request sense mode (DMSO bit in DCNTL) MUST 
be specified as ‘edge sense’. 

Enable or disable DMA termination interrupt with the DIEO 
bit in DSTAT 

Program DEO = 1 (with DWEO = 0 in the same access) in 
DSTAT and the DMA operation with the ASCI will begin 
under control of the ASCI generated internal DMA request. 

The ASCI receiver or transmitter being used for DMA must be 

initialized to allow the first DMA transfer to begin. 

The ASCI receiver must be ‘empty’ as shown by RDRF = 0. 
The ASCI transmitter must be ‘full? as shown by TDRE = 0. 

Thus, the first byte should be written to the ASCI Transmit Data 

Register under program control. The remaining bytes will be trans- 

ferred using DMA. 


OS 


Qe © 


(4) Channel 1 DMA 

DMAC Channel | can perform memory <—~> I/O transfers. 
Except for different registers and status/control bits, operation is 
exactly the same as described for channel 0 memory <—~> I/O 
DMA. 

To imtiate DMA channel 1 memory <—> I/O transfer per- 
form the following operations. 
@ Load the memory address (19 bits) into MARI. 
(@ Load the I/O address (16 bits) into IARI. 
@) Program the source/destination and address increment/decre- 

ment mode using the DIM1 and DIMO bits in DCNTL. 

@) Specify whether DREQ, is level or edge sense in the DMS1 bit 


DE1 
DIE1 


DEO 
DIEO 


in DCNTL. 

Enable or disable DMA termination interrupt with the DIE1 

bit in DSTAT. 

©) Program DE1 = 1 (with DWE! = 0 in the same access) in 
DSTAT and the DMA operation with the external I/O device 
will begin using the external DREQ, input and TEND, output. 


© 





10.4 DMA Bus Timing 

When memory (and_memory mapped I/O) is specified as a 
source or destination, ME goes LOW during the memory access. 
When I/O is specified as a source or destination, IOE goes LOW 
during the I/O access. 

When I/O (and memory mapped I/O) is specified as a source or 
destination, the DMA timing is controlled by the external DREQ 
input and the TEND output indicates DMA termination. Note that 
external I/O devices may not overlap addresses with internal I/O 
and control registers, even using DMA. 

For I/O accesses, 1 wait state is automatically inserted. Addi- 
tional wait states can be inserted by programming the on-chip wait 
state generator or using the external WAIT input. Note that for 
memory mapped I/O accesses, this automatic I/O wait state is not 
inserted. 

For memory to memory transfers (channel 0 only), the external 
DREQ, input is ignored. Automatic DMA timing is programmed as 
either burst or cycle steal. 

When a DMA memory address carry/borrow between bits A,, 
and A,, of the address bus occurs (when crossing 64k bytes bound- 
aries), the minimum bus cycle is extended to four clocks by auto- 
matic insertion of one internal Ti state. 








10.5 DMAC Channel Priority 
For simultaneous DREQ, and DREQ, requests, channel 0 has 
priority over channel 1. When channel 0 is performing a memory 
<—> memory transfer, channel 1 cannot operate until the chan- 
nel 0 operation has terminated. If channel 1 is operating, channel 0 
cannot operate until channel | releases control of the bus. 


10.6 DMAC and BUSREQ, BUSACK 

The BUSREQ and BUSACK inputs allow another bus master to 
take control of the HD64180 bus. BUSREQ and BUSACK have 
priority over the on-chip DMAC and will suspend DMAC opera- 
tion. The DMAC releases the bus to the external bus master at the 
breakpoint of the DMAC memory or I/O access. Since a single byte 
DMAC transfer requires a read and a write cycle, it is possible for 
the DMAC to be suspended after the DMAC read, but before the 
DMAC write. Even in this case, when the external master releases 
the HD64180 bus (BUSREQ HIGH), the on-chip DMAC will cor- 
rectly continue the suspended DMA operation. 


10.7 DMAC internal Interrupts 
Fig. 45 illustrates the internal DMA interrupt request generation 
circuit. 


IEF; 


DMA ch1 Interrupt 
Request 


DMA chO Interrupt 
Request 


Figure 45 DMAC Interrupt Request Circuit Diagram 
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DEO and DE] are automatically cleared to 0 by the HD64180 at 
the completion (byte count = 0) of a DMA operation for channel 0 
and channel | respectively. They remain 0 until a 1 is written. Since 
DEO and DEI use level sense, an interrupt will occur if the CPU 
IEF, flag is set to 1. Therefore, the DMA termination interrupt 
service routine should disable further DMA interrupts (by pro- 
gramming the channel DIE bit = 0) before enabling CPU inter- 
rupts (i.e. IEF, is set to 1). After reloading the DMAC address and 
count registers, the DIE bit can be set to 1 to reenable the channel 
interrupt, and at the same time DMA can resume by programming 
the channel DE bit = 1. 


DMA read cycle 





p 


T1 Te2 


10.8 DMAC and NMI 

NMI, unlike all other interrupts, automatically disables DMAC 
operation by clearing the DME bit of DSTAT. Thus, the NMI inter- 
rupt service routine may respond to time critical events without 
delay due to DMAC bus usage. Also, NMI can be effectively used 
as an external DMA abort input, recognizing that both channels are 
suspended by the clearing of DME. 

If the falling edge of NMI occurs before the falling clock of the 
state prior to T, (T, or Tw) of the DMA write cycle, the DMAC will 
be suspended and the CPU will start the NMI response at the end of 
the current cycle. 

By setting a channels DE bit to 1, that channels operation can be 
restarted, and DMA will correctly resume from the point at which it 
was suspended by NMI. See Fig. 46 for details. 


DMA write cycle 


CPU machine cycle 











DME= “0” (DMA Stop) 


Figure 46 NMI and DMA Operation 


10.9 DMAC and RESET 

During RESET the bits in DSTAT, DMODE, and DCNTL are 
initialized as stated in their individual register descriptions. Any 
DMA operation in progress is stopped allowing the CPU to use the 


bus to perform the RESET sequence. However, the address register 
(SARO, DARO, MARI, IAR1) and byte count register (BCRO, 
BCR1) contents are not changed during RESET. 
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11 ASYNCHRONOUS SERIAL COMMUNICATION INTER- 
FACE (ASCI) 

The HD64180 on-chip ASCI has two independent full duplex 
channels. Based on full programmability of the following functions, 
the ASCI can directly communicate with a wide variety of standard 
UARTs (Universal Asynchronous Receiver/Transmitter) includ- 
ing the HD6350 CMOS ACIA and the Serial Communication In- 
terface (SCI) contained on the HD6301 series CMOS single chip 
controllers. 

The key functions for ASCI are shown below. Each channel is 
independently programmable. 

- Full duplex communication 
- 7- or 8-bit data length 
- Program controlled 9th data bit for multiprocessor communica- 


HD64180R/Z 


tion 
- 1 or 2 stop bits 
- Odd, even, no parity 
- Parity, overrun, framing error detection 
- Programmable baud rate generator, /16 and /64 modes 
Speed to 38.4k bits per second (CPU fc = 6.144 MHz) ae 
- Modem control signals — Channel 0 has DCD,, CTS, and RTS, 
Channel | has CTS, 
- Programmable interrupt condition enable and disable 
- Operation with on-chip DMAC 








11.1 ASCI Block Diagram 
Fig. 47 shows the ASCI Block Diagram. 


internal Address/Data Bus 
Interrupt Request 


ASCI Transmit Data Register 
ch O : TORO (8) 


TXAo *4ASCI Transmit Shift Register’ 
ch O : TSRO (8) 
ASCI Receive Data Register 
ch O : RDRO (8) 
RXAo ~! asc Receive Shift Register* 
ch O : RSRO (8) 
ASCI Control Register A 
RTSo ch O : CNTLAO (8) 
CTSo -4 ASCI Control Register B 
ch O : CNTLBO (8) 
DCDo 


ASCI Status Register 
ch 0 : STATO (8) 





ASCI Transmit Data Register 
ch 1: TDR1 (8) 

ASCI Transmit Shift Register 'XA: 
ch 1: TSR1 (8) 

ASCI Receive Data Register 
ch 1: RDR1 (8) 


ASCI Receive Shift Register’ [* RXA: 
ch 1: RSR1 (8) 

ASCI Control Register A 
ch 1: CNTLA1 (8) 

ASCI Control Register B CTS: 


ch 1 : CNTLB1 (8) 


ASC! Status Register 
ch 1: STAT1 (8) 


CKAo Baud Rate 
Generator O go 


CKA, Baud Rate 
Generator 1 


“Not program Accessible 


Figure 47 ASCIi Block Diagram 


11.2 ASCI Register Description 


(1) ASCI Transmit Shift Register 0, 1 (TSRO, 1) 

When the ASCI Transmit Shift Register receives data from the 
ASCI Transmit Data Register (TDR), the data is shifted out to the 
TXA pin. When transmission is completed, the next byte (if availa- 
ble) is automatically loaded from TDR into TSR and the next trans- 
mission starts. If no data is available for transmission, TSR idles by 
outputting a continuous HIGH level. This register is not program 
accessible. 


(2) ASCI Transmit Data Register 0, 1 (TDRO, 1: I/O Address = 
O6H, 07H) 

Data written to the ASCI Transmit Data Register is transferred 
to the TSR as soon as TSR is empty. Data can be written to while 
TSR is shifting out the previous byte of data. Thus, the ASCI trans- 
mitter is double bufferred. 

Data can be written into and read from the ASCI Transmit Data 
Register. 

If data is read from the ASCI Transmit Data Register, the ASCI 


data transmit operation won’t be affected by this read operation. 


(3) ASCI Receive Shift Register 0, 1 (RSRO, 1) 

This register receives data shifted in on the RXA pin. When full, 
data is automatically transferred to the ASCI Receive Data Register 
(RDR) if it is empty. If RSR is not empty when the next incoming 
data byte is shifted in, an overrun error occurs. This register is not 
program accessible. 


(4) ASCI Receive Data Register 0, 1 (RDRO, 1: [/O Address = 
08H, 09H) 

When a complete incoming data byte is assembled in RSR, it is 
automatically transferred to the RDR if RDR is empty. The next in- 
coming data byte can be shifted into RSR while RDR contains the 
previous received data byte. Thus, the ASCI receiver is double 
buffered. 

The ASCI Receive Data Register is read-only-register. 

However, if RDRF = 0, data can be written into the ASCI Re- 
ceive Data Register, and the data can be read. 


@ HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


485 








HD64180R/Z 





(5) ASCI Status Register 0, 1 (STATO, 1) 

Each channel status register allows interrogation of ASCI com- 
munication, error and modem control signal status as well as enab- 
ling and disabling of ASCI interrupts. 


ASCI Status Register O (STATO I/O Address = 04H) 
bit 7 6 5 4 3 2 1 1¢] 
[row Lov | ve |e | me | vom | tone | ve | 
R R R R R/W R R R/W 
ASCI Status sama 1 ma VO Address = O5H) 


RDRF: Receive Data Register Full (bit 7) 

RDREF is set to 1 when an incoming data byte is loaded into 
RDR. Note that if a framing or parity error occurs, RDRF is still set 
and the receive data (which generated the error) is still loaded into 
RDR. RDRF is cleared to 0 by reading RDR, when the DCD, input 
is HIGH, in IOSTOP mode and during RESET. 


OVRN: Overrun Error (bit 6) 

OVRN is set to 1 when RDR is full and RSR becomes full. 
OVRN is cleared to 0 when the EFR bit (Error Flag Reset) of 
CNTLA is written to 0, when DCD, is HIGH, in IOSTOP mode 
and during RESET. 





PE: Parity Error (bit 5) 

PE is set to 1 when a parity error is detected on an incoming data 
byte and ASCI parity detection is enabled (the MOD1 bit of 
CNTLA is set to 1). PE is cleared to 0 when the EFR bit (Error Flag 
Reset) of CNTLA is written to 0, when DCD, is HIGH, in IOSTOP 
mode and during RESET. 


FE: Framing Error (bit 4) 

If a receive data byte frame is delimited by an invalid stop bit (i.e. 
0, should be 1), FE is set to 1. FE is cleared to 0 when the EFR bit 
(Error Flag Reset) of CNTLA is written to 0, when DCD, is HIGH, 
in IOSTOP mode and during RESET. 





RIE: Receive Interrupt Enable (bit 3) 

RIE should be set to 1 to enable ASCI receive interrupt requests. 
When RIE to 1, if any of the flags RDRF, OVRN, PE, FE become 
set to 1 an interrupt request is generated. For channel 0, an inter- 
rupt will also be generated by the transition of the external DCD, 
input from LOW to HIGH. RIE is cleared to 0 during RESET. 





DCD: Data Carrier Detect (bit 2 STATO) 

Channel 0 has an external DCD, input pin. The DCD, bit is set 
to 1 when the DCD, input is HIGH. It is cleared to 0 on the first 
read of STATO following the HIGH to LOW transition of DCD, 
input and during RESET. When DCD, = 1, receiver unit is resét 
and receiver operation is inhibited. 











CTS1E: Channel 1 CTS Enable (bit 2 STAT1) 

Channel 1] has an external CTS, input which is multiplexed with 
the receive data pin (RXS) for the CSI/O (Clocked Serial I/O Port). 
Setting CTSIE to | selects the CTS, function and clearing CTSIE to 
0 selects the RXS function. 


TDRE: Transmit Data Register Empty (bit 1) 

TDRE = 1 indicates that the TDR is empty and the next trans- 
mit data byte can be written to TDR. After the byte is written to 
TDR, TDRE is cleared to 0 until the ASCI transfers the byte from 
the TDR to the TSR, at which time TDRE is again set to 1. TDRE 


is set to 1 in IOSTOP mode and during RESET. When the external 
CTS input is HIGH, TDRE is reset to 0. 


TIE: Transmit Interrupt Enable (bit 0) 

TIE should be set to 1 to enable ASCI transmit interrupt re- 
quests. If TIE = 1, an interrupt will be requested when TDRE = 1. 
TIE is cleared to 0 during RESET. 


- ASCI Control Register AO, 1 (CNTLAO, 1) 

Each ASCI channel Control Register A configures the major op- 
erating modes such as receiver/transmitter enable and disable, data 
format, and multiprocessor communication mode. 


ASCI Control! Register A O (CNTLAO I/O Address = OOH) 


bit 7 6 5 4 3 2 1 0 
MPBR/ 
TE RTSo EFR MODi 
R/W R/W R/W R/W R/W R/W R/W R/W 


ASCI Control! Register A 1 (CNTLA1 1/O Address = 01H) 


brt 7 6 5 4 3 2 1 oO 
MPBR/ 
RE TE CKA1D EFR 
R/W R/W R/W R/W R/W R/W R/W R/W 


MPE: Multi Processor Mode Enable (bit 7) 

The ASCI has a multiprocessor communication mode which 
utilizes an extra data bit for selective communication when a num- 
ber of processors share a common serial bus. Multiprocessor data 
format is selected when the MP bit in CNTLB is set to 1. If multi- 
processor mode is not selected (MP bit in CNTLB = 0), MPE has 
no effect. If multiprocessor mode is selected, MPE enables or disa- 
bles the ‘wake-up’ feature as follows. If MPE is set to 1, only re- 
ceived bytes in which the MPB (multiprocessor bit) = 1 can affect 
the RDRF and error flags. Effectively, other bytes (with MPB = 0) 
are ‘ignored’ by the ASCI. If MPE is reset to 0, all bytes, regardless 
of the state of the MPB data bit, affect the RDRF and error flags. 
MPE is cleared to 0 during RESET. 


RE: Receiver Enable (bit 6) 

When RE is set to 1, the ASCI receiver is enabled. When RE is 
cleared to 0, the receiver is disabled and any receive operation in 
progress is interrupted. However, the RDRF and error flags are not 
reset and the previous contents of RDRF and error flags are held. 
RE is cleared to 0 in IOSTOP mode and during RESET. 


TE: Transmitter Enable (bit 5) 

When TE is set to 1, the ASCI transmitter is enabled. When TE 
is cleared to 0, the transmitter is disabled and any transmit opera- 
tion in progress is interrupted. However, the TDRE flag is not reset 
and the previous contents of TDRE are held. TE is cleared to 0 in 
IOSTOP mode and during RESET. 


RTS, — Request to Send Channel 0 (bit 4 in CNTLAO) 

When RTS, is cleared to 0, the RTS, output pin will go LOW. 
When RTS, is set to 1, the RTS, output immediately goes HIGH. 
RTS, is set to 1 during RESET. 











CKA1D: CKA1 Clock Disable (bit 4 in CNTLA1) 

When CKAID is set to 1, the multiplexed CKA1/TEND, pin is 
used for the TEND, function. When CKAID = 0, the pin is used 
as CKAI, an external data clock input/output for channel 1. 
CKAID is cleared to 0 during RESET. 





MPBR/EFR: Multiprocessor Bit Receive/Error Flag Reset (bit 
3) 

When multiprocessor mode is enabled (MP in CNTLB = 1), 
MPBR, when read, contains the value of the MPB bit for the last re- 
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ceive operation. When written to 0, the EFR function is selected to 
reset all error flags (OVRN, FE and PE) to 0. MPBR/EFR is 
undefined during RESET. 


MOD2, 1, 0: ASCI Data Format Mode 2, 1, 0 (bits 2-0) 
These bits program the ASCI data format as follows. 
MOD2 

= 0 — 7 bit data 
= | — 8 bit data 
MOD1 
= 0 — No parity 
= | — Parity enabled 
MODO 
= 0 — | stop bit 
= 1 — 2 stop bits 
The data formats available based on all combinations of MOD2, 
MOD1 and MOD0 are shown in Table 10. 


Table 10 Combination of Data Format 


Start+ 7 bit data+ 1 stop 
Start+ 7 bit datat 2 stop 
Start+ 7 bit data+ parity+ 1 stop 


Start+ 7 bit data+ parity + 2 stop 
Start+ 8 bit datat+ 1 stop 
Start+ 8 bit data+ 2 stop 
Start+ 8 bit data+ parity+ 1 stop 
Start+ 8 bit data+ parity+ 2 stop 





(6) ASCI Control Register BO, 1 (CNTLBO, 1) 
Each ASCI channel control register B configures multiprocessor 
mode, parity and baud rate selection. 


ASCI Control Register B O (CNTLBO : /O Address = 02H) 
ASCI Control Register B 1 (CNTLB1 . I/O Address = 03H) 


bt = 7 6 5 4 3 2 1 0 
CcTS/ 
MPBT PS 
RW OR/WORR/W RW RWW RR eéRW oi 


MPBT: Multiprocessor Bit Transmit (bit 7) 

When multiprocessor communication format is selected (MP bit 
= 1), MPBT is used to specify the MPB data bit for transmission. If 
MPBT = 1, then MPB = 1 is transmitted. If MPBT = 0, then 
MPB = Ois transmitted. MPBT state is undefined during and after 
RESET. 


MP: Multiprocessor Mode (bit 6) 

When MP is set to 1, the data format is configured for multi- 
processor mode based on the MOD2 (number of data bits) and 
MODO (number of stop bits) bits in CNTLA. The format is as fol- 
lows. 


Start bit + 7 or 8 data bits + MPB bit + 1 or 2 stop bits 


Note that multiprocessor (MP = 1) format has no provision for 
parity. If MP = 0, the data format is based on MODO, MOD1 and 
MOD2 and may include parity. The MP bit is cleared to 0 during 
RESET. 


CTS/PS: Clear to Send/Prescale (bit 5) 

When read, CTS/PS reflects the state of the external CTS input. 
If the CTS input pin is HIGH, CTS/PS will be read as 1. Note that 
when the CTS input pin is HIGH, the TDRE bit is inhibited (ie. 
held at 0). For channel 1, the CTS, input is multiplexed with RXS 
pin (Clocked Serial Receive Data). Thus, CTS/PS_is only valid 
when read if the channel 1 CTSIE bit = 1 and the CTS, input pin 
function is selected. The read data of CTS/PS is not affected by RE- 
SET. 

When written, CTS/PS specifies the baud rate generator prescale 
factor. If CTS/PS is set to 1, the system clock (¢) is prescaled by 30 
while if CTS/PS is cleared to 0, the system clock is prescaled by 10. 
CTS/PS is cleared to 0 during RESET. 


PEO: Parity Even Odd (bit 4) 

PEO selects even or odd parity. PEO does not affect the enab- 
ling/disabling of parity (MOD1 bit of CNTLA). If PEO is cleared to 
0, even parity is selected. If PEO is set to 1, odd parity is selected. 
PEO is cleared to 0 during RESET. 


DR: Divide Ratio (bit 3) 

DR specifies the divider used to obtain baud rate from the data 
sampling clock. If DR is cleared to 0, divide by 16 is used while if 
DR is set to 1, divide by 64 is used. DR is cleared to 0 during RE- 
SET. 


SS2, 1, 0: Source/Speed Select 2, 1, 0 (bits 2-0) 

Specify the data clock source (internal or external) and baud rate 
prescale factor. SS2, SS1, and SSO are all set to 1 during RESET. 
Table 11 shows the divide ratio corresponding to SS2, SS1, and SSO. 


Table 11 Divide Ratio 


[Sse S51 $60 [prise 


external clock 





The external ASCI channel 0 data clock pins are multiplexed 
with DMA control lines (CKA,/DREQ, and CKA,/TEND,). Dur- 
ing RESET, these pins are initialized as ASCI data clock inputs. If 
SS2, SS1, and SSO are reprogrammed (any other value than SS2, 
SS1, SSO = 1) these pins become ASCI data clock outputs. How- 
ever, if DMAC channel 0 is configured to perform memory <——> 
1/0 (and memory mapped I/O) transfers the CKA,/DREQ, pin re- 
vert to DMA control signals regardless of SS2, SS1, and SSO pro- 
gramming. Also, if the CKA1D bit in the CNTLA register is set to 
1, then the CKA,/TEND, reverts to the DMA Control output 
function regardless of SS2, SS1, and SSO programming. 

Final data clock rates are based on CTS/PS (prescale), DR, SS2, 
SS1, SSO, and the HD64180 system clock (@) frequency as shown 
in Table "12. 
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Table 12 Baud Rate List 


Sampling 
Prescal 
rescaler Rate Baud Rate 


L* [Rave | O° | Poe 





Ratio 


11.3 MODEM Control Signals 

ASCI channel 0 has CTS,, DCD), and RTS, external modem 
control signals. ASCI channel | has a CTS, modem control signal 
which 1s multiplexed with RXS pin (Clocked Serial Receive Data). 


eer Reever & emer 5 pereyer 





(1) CTS5: Clear to Send 0 (input) 

The CTS, input allows external control (start/stop) of ASCI 
channel 0 transmit operations. When CTS, is HIGH, channel 0 
TDRE bit is held at 0 regardless of whether the TDRO (Transmit 
Data Register) is full or empty. When CTS, is LOW, TDRE will re- 
flect the state of TDRO. Note that the actual transmit operation is 
not disabled by CTS, HIGH, only TDRE is inhibited. 


(2) DCD: Data Carrier Detect 0 (input) 

The DCD, input allows external control (start/stop) of ASCI 
channel 0 receive operations. When DCD, is HIGH, channel 0 
RDREF bit is held at 0 regardless of whether the RDRO (Receive 
Data Register) is full or empty. The error flags (PE, FE and OVRN 
bits) are also held at 0. Even after the DCD, input goes LOW, these 


















General 
Divide 


Baud Rate (Example) 
(BPS) aie 
o= ae ae o—=4.608 | d= A a VO Clock 
MHz Frequency 






bits will not resume normal operation until the status register 
(STATO) is read. Note that this first read of STATO, while enabling 
normal operation, will still indicate the DCD, input is HIGH 
(DCDO bit = 1) even though it has gone LOW. Thus, the STATO 


register should be read twice to insure the DCD0 bit is cleared to 0. 








(3) RTSo: Request to Send 0 (output) 

RTS, allows the ASCI to control (start/stop) another communi- 
cation de\ devices transmission (for example, by connection to that de- 
vices CTS input). RTS, is essentially a 1 bit output port, having no 
side effects on other ASCI registers or flags. 


(4) CTS,: Clear to Send 1 (input) 

Channel 1 CTS, input is multiplexed with the RXS pin (Clocked 
Serial Receive Data). The CTS, function is selected when the 
CTSIE bit in STAT is set to 1. When enabled, the CTS, operation 
is equivalent to CTS). 


Modem control signal timing is shown in Fig. 48 (a) and Fig. 48(b). 
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DCDo Pin 


DCDO Flag 


Status Register 
Read 


Figure 48 (a) DCD, Timing 


/O instruction 
I/O write cycle 


Boca ranocrroanesconpeatbcecaneanantnes 
RTSo Pin xX 


Figure 48 (b) RTS, Timing 


11.4 ASCI Interrupts 
Fig. 49 shows the ASCI interrupt request generation circuit. 





DCDO \EF 4 
RDRFO 


os i 
PEO RIEO ) a ASCIO Interrupt 
Request 
FEO TDREO a, 
TIEO 


RDRF1 


OVRN1 - 
PE1 RIE1 = Ea ASCI1 Interrupt 
FE1 Request 

TDRE1 

TIE1 


Figure 49 ASCI Interrupt Request Circuit Diagram 
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11.5 ASCI <> DMAC operation 

Operation of the ASCI with the on-chip DMAC channel 0 re- 
quires the DMAC be correctly configured to utilize the ASCI flags 
as DMA request signals. 


11.6 ASCI and RESET 
During RESET, the ASCI status and control registers are 
initialized as defined in the individual register descriptions. 


Internal Clock 


db 





External Clock 
fe < d + 40————_ 


Baud Rate Selection 


Receive and Transmit operations are stopped during RESET. 
However, the contents of the transmit and receive data registers 
(TDR and RDR) are not changed by RESET 


11.7 ASCI Clock 
In external clock input mode, the external clock is directly input 
to the sampling rate (+ 16/+ 64) as shown in Fig. 50. 


Prescaler Sampling Rate 


Figure 50 ASCi Clock Block Diagram 


12 CLOCKED SERIAL 1/O PORT (CS1/0O) 

The HD64180 includes a simple, high speed clock synchronous 
serial I/O port. The CSI/O includes transmit/receive (half duplex), 
fixed 8-bit data and internal or external data clock selection. High 
speed operation (baud rate as high as 200k bits/second at fo = 4 
MHz) is provided. The CSI/O is ideal for implementing a multi- 
processor communication link between the HD64180 and the 
HMCS400 series (4-bit) and the HD6301 series (8-bit) single chip 


controllers as well as additional HD64180s. These secondary de- 
vices may typically perform a portion of the system I/O processing 
such as keyboard scan/decode, LDC interface etc 


12.1 CSI/O Block Diagram 

The CSI/O block diagram is shown in Fig 51. The CSI/O con- 
sists of two registers — the Transmit/Receive Data Register 
(TRDR) and Control Register (CNTR). 


Internal Address/Data Bus 


TXS +-|CSI/O Transmit/Receive 
Data Register: 
RXS -+] TRDR (8) 


CSI/O Control Register: 
CNTR (8) 





interrupt Request 






Baud Rate CKS 


Generator 


Figure 51 CSI/O Block Diagram 


12.2 CSI/O Register Description 


(1) CSi/O Transmit/Receive Data Register (TRDR: I/O Ad- 
dress = OBH) 

TRDR is used for both CSI/O transmission and reception. Thus, 
the system design must insure that the constraints of half-duplex 
operation are met (Transmit and receive operation can’t occur sim- 
ultaneously). For example, if a CSI/O transmission is attempted at 
the same time that the CSI/O is receiving data, a CSI/O will not 
work. Also note that TRDR is not buffered. Therefore, attempting 
to perform a CSI/O transmit while the previous transmit data is still 
being shifted out causes the shift data to be immediately updated, 
thereby corrupting the transmit operation in progress. Similarly, 
reading TRDR while a transmit or receive is in progress should be 
avoided. 


(2) CSI/O Controi/Status Register (CNTR: I/O Address = 
OAH) 
CNTR is used to monitor CSI/O status, enable and disable the 
CSI/O, enable and disable interrupt generation and select the data 
clock speed and source. 


CSI/O Control! Register (CNTR « 1/O Address = OAH) 
bit 


7 6 5 4 3 2 1 .¢) 
R R/W R/W R/W R/W R/W R/W 


EF: End Flag (bit 7) 
EF is set to 1 by the CSI/O to indicate completion of an 8-bit 
data transmit or receive operation. If EIE (End Interrupt Enable) 
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bit = 1 during the time EF = 1, a CPU interrupt request will be 
generated. Program access of TRDR should only occur if EF = 1. 
The CSI/O clears EF to 0 when TRDR is read or written. EF is 
cleared to 0 duuing RESET and IOSTOP mode. 


EIE: End Interrupt Enable (bit 6) 

EIE should be set to 1 to enable EF = 1 to generate a CPU inter- 
rupt request. The interrupt request is inhibited 1f EIE is cleared to 0. 
EIE is cleared to 0 during RESET. 


RE: Receive Enable (bit 5) 

A CSI/O receive operation is started by setting RE to 1. When 
RE is set to 1, the data clock is enabled. In internal clock mode, the 
data clock is output from the CKS pin. In external clock mode, the 
clock is input on the CKS pin. In either case, data is shifted in on the 
RXS pin in synchronization with the (internal or external) data 
clock. After receiving 8 bits of data, the CSI/O automatically clears 
RE to 0, EF is set to 1 and an interrupt (if enabled by EIE = 1) will 
be generated. Note that RE and TE should never both be set to 1 at 
the same time. RE is cleared to 0 during RESET and IOSTOP 
mode. 

Note that the RXS pin (pin 52) is multiplexed with CTS, mod- 
em control input of ASCI channel 1. In order to enable the RXS 
function, the CTSIE bit in CNTA1 should be reset to 0. 


TE: Transmit Enable (bit 4) 

A CSI/O transmit operation is started by setting TE to 1. When 
TE is set to 1, the data clock is enabled. In internal clock mode, the 
data clock is output from the CKS pin. In external clock mode, the 
clock is input on the CKS pin. In either case, data is shifted out on 
the TXS pin synchronous with the (internal or external) data clock. 
After transmitting 8 bits of data, the CSI/O automatically clears TE 


IEF; 


EF 
EIE 


to 0, EF is set to 1 and an interrupt (if enabled by EIE = 1) will be 
generated. Note that TE and RE should never both be set to 1 at the 
same time. TE is cleared to 0 during RESET and IOSTOP mode. 


SS2, 1, 0: Speed Select 2, 1, 0 (bits 2-0) 

SS2, SS1 and SSO select the CSI/O transmit/receive clock source 
and speed. SS2, SS1 and SSO are all set to 1 during RESET. Table 13 
shows CSI/O Baud Rate Selection. 


Table 13 CSI/O Baud Rate Selection 


(200000) 
(100000) 
(50000) 


(25000) 
(12500) 
(6250) 
(3125) 


external Clock input 
(less than + 20) 





( ) shows the baud rate (BPS) at 6 = 4 MHz. 


After RESET, the CKS pin is configured as an external clock 
input (SS2, SS1, SSO = 1). Changing these values causes CKS to 
become an output pin and the selected clock will be output when 
transmit or receive operations are enabled. 


12.3 CSI/O Interrupts 
The CSI/O interrupt request circuit is shown in Fig. 52. 


CSI/O 
Interrupt Request 


Figure 52 CSi/O Interrupt Circuit Diagram 


12.4 CSI/O Operation 
The CSI/O can be operated using status polling or interrupt 
driven algorithms. 


(1) Transmit — Polling 

@ Poll the TE bit in CNTR until TE = 0. 
(@) Write the transmit data into TRDR. 

@) Set the TE bit in CNTR to 1. 

@ Repeat 1 to 3 for each transmit data byte. 


(2) Transmit — Interrupts 

@) Poll the TE bit in CNTR until TE = 0. 

@) Write the first transmit data byte into TRDR. 

@) Set the TE and EIE bits in CNTR to 1. 

@ When the transmit interrupt occurs, write the next transmit data 
byte into TRDR. 

G) Set the TE bit in CNTR to 1. 

) Repeat 4 to 5 for each transmit data byte. 


(3) Receive — Polling 

@) Poll the RE bit in CNTR until RE = 0. 
@) Set the RE bit in CNTR to 1. 

@ Poll the RE bit in CNTR until RE = 0, 


@) Read the receive data from TRDR. 
() Repeat 2 to 4 for each receive data byte. 


(4) Receive — Interrupts 

@ Poll the RE bit in CNTR until RE = 0. 

@) Set the RE and EIE bits in CNTR to 1. 

@) When the receive interrupt occurs read the receive data from 
TRDR. 

@ Set the RE bit in CNTR to 1. 

G) Repeat 3 to 4 for each receive data byte. 


12.6 CSI/O Operation Timing Notes 

(1) Note that transmitter clocking and receiver sampling timings 
are different from internal and external clocking modes. Fig. 53 
to Fig. 54 shows CSI/O Transmit/Receive Timing. 

(2) The transmitter and receiver should be disabled (TE and RE 
= 0) when initializing or changing the baud rate. 


12.6 CSI/O Operation Notes 

(1) Disable the transmitter and receiver (TE and RE = 0) before 
initializing or changing the baud rate. When changing the baud 
rate after completion of transmission or reception, a delay of at 
least one bit time is required before baud rate modification. 
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(2) When RE or TE is cleared to 0 by software, a corresponding re- (3) Simultaneous transmission and reception is not possible. Thus, 
ceive or transmit operation is immediately terminated. Nor- TE and RE should not both be 1 at the same time. 
mally, TE or RE should only be cleared to 0 when EF = 1. 


CKS | | | | ; | | | | 
| 
| 

TXS xX _tsB_ X | : MSB 
| 


TE 


EF | | 
| 


Read or write of CSI/O 
Transmit/Receive 
Data Register 


Figure 53 Transmit Timing — Internal Clock 


ee Td ted ed 


TXS 


TE 


EF 





Read or write of CSI/O 
Transmit/Receive 
Data Register 


Figure 54 Transmit Timing — External Clock 
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MSB 
11d 11h 
Sampling 
RE | | 
17 
a 
Read or write of CSI/O 


Transmit/Receive 
Data Register 


Figure 55 Receive Timing — Internal Clock 


as | —[ LS ' LSI LJ 


RXS 





Read or write of CSI/O 
Transmit/Receive 
Data Register 


Figure 56 Receive Timing — External Clock 


12.7 CSI/O and RESET CSI/O transmit and receive operations in progress are aborted 
During RESET each bit in the CNTR is initialized as defined in during RESET. However, the contents of TRDR are not changed. 
the CNTR register description. 
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13 PROGRAMMABLE RELOAD TIMER (PRT) 

The HD64180 contains a two channel 16-bit Programmable Re- 
load Timer. Each PRT channel contains a 16-bit down counter and 
a 16-bit reload register. The down counter can be directly read and 
written and a down counter overflow interrupt can be programmab- 
ly enabled or disabled. In addition, PRT channel 1 has a TOUT out- 
put pin (multiplexed with A,,) which can be set HIGH, LOW, or 
toggled. Thus PRT1 can perform programmable output waveform 






imer Data 
Register OH 
- TMDROL (8)|: TMDROH (8) 





















Timer Reload | Timer Reload 
Register OL | Register OH 
: RLDROL (8) |}: RLDROH (8) 






Internal Address/Data Bus 


Timer Control 
Register 
: TCR (8) 


generation. 


13.1 PRT Block Diagram 

The PRT block diagram is shown in Fig. 57. The two channels 
have separate timer data and reload registers and a common status/ 
control register. The PRT input clock for both channels is equal to 
the system clock (¢) divided by 20. 








Timer Data {Timer Data 

















Timer Reload | Timer Reload 
Register 1L {Register 1H 
: TLDR1L (8) |: TLDR1H (8) 






Interrupt Request 


Figure 57 PRT Block Diagram 


13.2 PRT Register Description 


(1) Timer Data Register (TMDR: 1/O Address = CHO: ODH, 
OCH CH1: 15H, 14H) 

PRTO and PRT1 each have 16-bit Timer Data Registers 
(TMDR). TMDRO and TMDR|1 are each accessed as low and high 
byte registers (TMDROH, TMDROL and TMDR1H, TMDRIL). 
During RESET, TMDRO and TMDR1 are set to FFFFH. 

TMDR is decremented once every twenty ¢@ clocks. When 
TMDR counts down to 0, it is automatically reloaded with the value 
contained in the Reload Register (RLDR). 

TMDR can be read and written by software using the following 
procedures. The read procedure uses a PRT internal temporary 
storage register to return accurate data without requiring the timer 
to be stopped. The write procedure requires the PRT to be stopped. 

For reading (without stopping the timer), TMDR must be read 
in the order of lower byte — higher byte (TMDRnL, TMDRnH). 
The lower byte read (TMDRnL) will store the higher byte value in 
an internal register. The following higher byte read (TMDRnH) will 
access this internal register. This procedure insures timer data 
validity by eliminating the problem of potential! 16-bit timer updat- 
ing between each 8-bit read. Specifically, reading TMDR in higher 
byte — lower byte order may result in invalid data. Note the im- 
plications of TMDR higher byte internal storage for applications 
which may read only the lower and/or higher bytes. In normal oper- 
ation all TMDR read routines should access both the lower and 
higher bytes, in that order. 

For writing, the TMDR down counting must be inhibited using 
the TDE (Timer Down Count Enable) bits in the TCR (Timer 
Control Register), following which any or both higher and lower 
bytes of TMDR can be freely written (and read) in any order. 


(2) Timer Reload Register (RLDR: I/O Address = CHO: OEH, 

OFH CH1: 16H, 17H) 

PRTO and PRT! each have 16-bit Timer Reload Registers 
(RLDR). RLDRO and RLDR1 are each accessed as low and high 
byte registers (RLDROH, RLDROL and RLDRIH, RLDRIL). 
During RESET RLDRO and RLDR1 are set to FFFFH. 

When the TMDR counts down to 0, it is automatically reloaded 
with the contents of RLDR. 


(3) Timer Control Register (TCR) 

TCR monitors both channels (PRTO, PRT1) TMDR status and 
controls enabling and disabling of down counting and interrupts as 
well as controlling the output pin (A,,/TOUT) for PRT 1. 


Timer Control assire (TCR : /O Address = 


R R/W R/W R/W R/W R/W R/AW 


TIF1: Timer interrupt Flag 1 (bit 7) 

When TMDR!1 decrements to 0, TIF 1 is set to 1. This can gener- 
ate an interrupt request if enabled by TIE1 = 1. TIF1 is reset to 0 
when TCR is read and the higher or lower byte of TMDR1 are read. 
During RESET, TIF1 is cleared to 0. 


TIFO: Timer Interrupt Flag O (bit 6) 

When TMDRO decrements to 0, TIFO is set to 1. This can gener- 
ate an interrupt request if enabled by TIEO = 1. TIFO is reset to 0 
when TCR is read and the higher or lower byte of TMDRO are read. 
During RESET, TIFO is cleared to 0. 
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TIE1: Timer Interrupt Enable 1 (bit 5) 

When TIE] ts set to 1, TIF] = 1 will generate a CPU interrupt 
request When TIE1 ts reset to 0, the interrupt request is inhibited 
During RESET, TIE 1s cleared to 0. 


TIEO: Timer Interrupt Enable 0 (bit 4) 

When TIE0 ts set to 1, TIFO = | will generate a CPU interrupt 
request When TIE is reset to 0, the interrupt request is inhibited. 
During RESET, TIEO ts cleared to 0 


TOC1, 0: Timer Output Control (bits 3, 2) 

TOC] and TOCO control the output of PRT1 using the multip- 
lexed A,,/TOUT pin as shown below. During RESET, TOC! and 
TOCO are cleared to 0. This selects the address function for A,,/ 
TOUT By programming TOC! and TOCO, the A,,/TOUT pin can 
be forced HIGH, LOW or toggled when TMDR1 decrements to 0 


Timer Data Register 
write (0004H) 


Reset 7 






Timer Data 
Register 





Timer Reload Register 


FFFFH | 0003H 


Write “1” to TDE 


TDE Flag 


TIF Flag 


e) Inhibited (A ,,/TOUT pints selected as 
, 
0 
1 










an address output function.) 


toggled" 
f (A ,,/ TOUT pin is selected 





0 as a PRT1 output function ) 





« When TMDR1 decrements to 0, TOUT level is reversed This can provide 


square wave with 50% duty to external devices without any software 
support 
TDE1, 0: Timer Down Count Enable (bits 1, 0) 

TDE]I and TDEO enable and disable down counting for TMDR1 
and TMDRO respectively. When TDEn (n = 0, 1) 1s set to 1, down 
counting is executed for TMDRn. When TDEn is reset to 0, down 
counting 1s stopped and TMDRn can be freely read or written. 
TDE]I and TDEDO are cleared to 0 during RESET and TMDRn will 
not decrement until TDEn 1s set to 1. 

Fig. 58 shows timer initialization, count down and reload timing. 
Fig. 59 shows timer output (A,,/TOUT) timing. 


0 < t <20¢ 


t 
I 
i 
Reload 
! 
\ 





tL 


Timer data Register read 


Timer Control 
Register read 


Figure 58 PRT Operation Timing 


Timer Data 






TOUT 


Timer Data 
Reg.= 0001H | Reg.= OOOOH 





Figure 59 PRT Output Timing 
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IEF; 


TIF 1 
TIE1 


TIFO 
TIEO 


PRT 1 interrupt 
Request 


PRTO Interrupt 
Request 


Figure 60 PRT Interrupt Request Circuit Diagram 


13.3 PRT interrupts 
The PRT interrupt request circuit is shown in Fig. 60. 


13.4 PRT and RESET 

During RESET the bits in TCR are initialized as defined in the 
TCR register description. Down counting is stopped and the TMDR 
and RLDR registers are initialized to FFFFH. The A,,/TOUT pin 
reverts to the address output function. 


13.6 PRT Operation Notes 

(1) TMDR data can be accurately read without stopping down 
counting by reading the lower (TMDRnL*) and _ higher 
(TMDRnH*) bytes in that order. Or, TMDR can be freely read 
or written by stopping the down counting. 

(2) Care should be taken to insure that a timer reload does not oc- 
cur during or between lower (RLDRnL*) and higher 
(RLDRnH") byte writes. This may be guaranteed by system 
design/timing or by stopping down counting (with TMDR con- 
taining a non-zero value) during the RLDR updating. 
Similarly, in applications in which TMDR is written at each 
TMDR overflow, the system/software design should guaran- 
tee that RLDR can be updated before the next overflow occu- 
rs. Otherwise, time base inaccuracy will occur. 

NOTE: «n= 0, 1 

(3) During RESET, the multiplexed A,,/TOUT pin reverts to the 
address output. 

By reprogramming the TOC! and TOC bits, the timer output 


function for PRT channel 1 can be selected. The following 
shows the initial state of the TOUT pin after TOC1 and TOCO 
are programmed to select the PRT channel | timer output 
function. 
(i) PRT (channel 1) has not counted down to 0. 

If the PRT has not counted down to 0 (timed out), the 
initial state of TOUT depends on the programmed value in 
TOC1 and TOCO. 


TOUT State After 
Programming 
TOCc1/TOCO 


TOUT State After 
Next Timeout 


TOC1 TOCO 


LOW (0) 
LOW (0) 
HIGH (1) 


(ii)PRT (channel 1) has counted down to 0 at least once. 

If the PRT has counted down to 0 (timed out) at least once, 
the initial state of TOUT depends on the number of time outs 
(even or odd) that have occurred. 












Numbers of Timeouts | TOUT State After — 

(even or odd) _Programming TOC1/TOCO = { 
Even (2, 4, 6 ...) | HIGH (1) 
Odd (1, 3,5...) LOW (0) 
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14 INTERNAL 1/O REGISTERS 


The HD64180 internal 1/O Registers occupy 64 I/O addresses UO: Control Registec MCR: 0: Address/—= 3rd) 
(including reserved addresses). These registers access the internal bt = 7 6 5 4 3 2 1 0 
I/O modules (ASCI, CSI/O, PRT) and control functions (DMAC, eae rae eee 
DRAM refresh, interrupts, wait state generator, MMU and I/O re- OAT JOSTP 
location). RW R/W R/W 


To avoid address conflicts with external I/O, the HD64180 inter- 
nal I/O addresses can be relocated on 64 bytes boundaries within 


the bottom 256 bytes of the 64k bytes I/O address space. 10A7,6: I/O Address Relocation (bits 7-6) 
IOA7 and IOA6 relocate internal! I/O as shown in Fig. 61. Note 
14.1 1/0 Control Register (ICR) that the high-order 8 bits of 16-bit internal I/O addresses are always 
ICR allows relocating of the internal I/O addresses. ICR also 0. IOA7 and IOA6 are cleared to 0 during RESET. 


controls enabling/disabling of the IOSTOP mode. 





OOFFH 
1IOA7 - l|OA6=1 1 
OOCOH 
OOBFH 
lOA7 - lOA6=1 O 
OO80H 
007FH 
lOA7 - l|OA6=O 1 
0040H 
O03FH 
lOA7 - 10A6=0 O-——~ 
OOOOH 
Figure 61 Internal 1/O Address Relocation 
IOSTP: IOSTOP Mode (bit 5) 14.2 Internal I/O Registers Address Map 
IOSTOP mode is enabled when IOSTP is set to 1. Normal I/O The internal I/O register addresses are shown in Table 14. These 
operation resumes when IOSTP 1s reset to 0. IOSTP is cleared to 0 addresses are relative to the 64 bytes boundary base address speci- 
during RESET. fied in ICR. 
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Table 14 Internal !/O Register Address Map (1) 


egister 
: 


ASCI Control Register A Ch O CNTLAO XX000000 
CNTLA1 XX000001 
CNTLBO XX000010 
CNTLB1 XX00001 1 
STATO XX000100 
STAT! XX000101 
TDRO XX000110 
TDR1 XX000111 
RDRO XX001000 


























ASCI Control Register A Ch 1 
ASCI Control Register B Ch O 
ASCI Control Register B Ch 1 
ASCI Status Register Ch 0 

ASCI Status Register Ch 1 

ASCI Transmit Data Register Ch O 
ASCI Transmit Data Register Ch 1 
ASCI Receive Data Register Ch O 



























ASCI Receive Data Register Ch 1 ROR1 XX001001 
csvo CSIi/O Control Register CNTR XX001010 
CSI/O Transmit/Receive Data Register TRDR XX001011 
Timer Data Register Ch OL TMDROL XX001100 






























Timer Data Register Ch OH TMDROH XX001101 
Reload Register Ch OL RLDROL XX001110 
Reload Register Ch OH RLDROH XX001111 





TCR XX010000 


XX010001 


Timer Control Register 





Reserved 


XX010011 
XX010100 
XX010101 
XX010110 
XX010111 


XX011000 
XX011001 


S 


XX011111 









TMDRI1L 
TMDR1H 
RLDR1L 
RLDR1H 


Timer Data Register Ch 1L 
Timer Data Register Ch 1H 
Reload Register Ch 1L 
Reload Register Ch 1H 






















Free Running Counter 






Reserved 
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Table 14 Internal !/O Register Address Map (2) 


Register 


DMA Source Address Register Ch OL 

DMA Source Address Register Ch OH 

DMA Source Address Register Ch OB 

DMA Destination Address Register Ch OL 

DMA Destination Address Register Ch OH 

DMA Destination Address Register Ch OB 

DMA Byte Count Register Ch OL 

DMA Byte Count Register Ch OH 

DMA Memory Address Register Ch 1L 

DMA Memory Address Register Ch 1H 

DMA Memory Address Register Ch 1B 

DMA 1/O Address Register Ch 1L 

DMA I/O Address Register Ch 1H 
Reserved 

DMA Byte Count Register Ch iL 

DMA Byte Count Register Ch 1H 

DMA Status Register 

DMA Mode Register 

DMA/WAIT Control Register 


IL Register (interrupt Vector Low Register) 
INT/TRAP Control Register 
Reserved 


MMU Common Base Register 
MMU Bank Base Register 
MMU Common/Bank Area Register 


Reserved 


\/O Control Register 


14.3 1/0 Addressing Notes 

The internal I/O register addresses are located in the I/O address 
space from 0000H to OOFFH (16-bit I/O addresses). Thus, to access 
the internal I/O registers (using I/O instructions), the high-order 8 
bits of the 16-bit I/O address must be 0. 

The conventional I/O instructions (OUT (m),A/ IN A,(m) / 
OUTI / INI/ etc.) place the contents of a CPU register on the high- 
order 8 bits of the address bus, and thus may be difficult to use for 
accessing internal I/O registers. 

For efficient internal I/O register access, a number of new in- 
structions have been added, which force the high-order 8 bits of the 
16-bit I/O address to 0. These instructions are INO, OUTO, OTIM, 


| Address 


XX100000 
XX100001 
XX100010 
XX10001 1 
XX100100 
XX100101 
XX100110 
XX100111 
XX101000 
XX101001 
XX101010 
XX101011 
XX101100 
XX101101 
XX101110 
XX101111 
XX110000 
XX110001 
XX110010 


XX110011 
XX110100 
XX110101 


XX111000 
XX111001 
XX111010 


XX111011 


XX111110 
XX111111 





OTIMR, OTDM, OTDMR and TSTIO (See section 19 Instruction 
Set). 

Note that when writing to an internal I/O register, the same I/O 
write occurs on the external bus. However, the duplicate external I/ 
O write cycle will exhibit internal I/O write cycle timing. For exam- 
ple, the WAIT input and programmable wait state generator are ig- 
nored. Similarly, internal I/O read cycles also cause a duplicate ex- 
ternal I/O read cycle — however, the external read data is ignored 
by the HD64180. 

Normally, external I/O addresses should be chosen to avoid 
overlap with internal I/O addresses to avoid duplicate I/O accesses. 
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15 E CLOCK OUTPUT TIMING — 6800 TYPE BUS INTER- These devices require connection with the HD64180 syn- 
FACE chronous E clock output. The speed (access time) required for the 


peripheral device are determined by the HD64180 clock rate. Table 


A large selection of 6800 type peripheral devices can be con- 
15, Fig. 62 and Fig. 63 define E clock output timing. 


nected to the HD64180, including the Hitachi 6300 CMOS series 
(6321 PIA, 6350 ACIA, etc.) as well as 6500 family devices. 


Table 15 E Clock Timing in Each Condition 


Condition | Duration of E Clock Output ‘‘High’”’ 


Op-code Fetch Cycle = 
Memory Read/Write Cycle Taf — Ts] (156+ ny°o) 


1/0 read Cycle 1st Tw{f — Ts] (0.56 + n°) 


/O Write Cycle 1st Tw] — Taf (ny ° ¢) 


NMI Acknowledge 1st MC Taf — Tal (1.50) 


INTo Acknowledge 1st MC 1st Twt — Ts] (0.5¢ + n, -¢) 


BUS RELEASE mode 
SLEEP mode o|—-¢| (2¢ or 1¢) 
SYSTEM STOP mode 





NOTE) n, . the number of wait states 
MC Machine Cycle 


NMI 
acknowledge INTo acknowledge 


OP-code Memory read/ 
fetch cycle write cycle \/O read cycle 1/0 write cycle 1st MC 1st MC 
r Te Ts 1 Te Ts r Te Tw Ts r Te Tw Ts E Te Ts r To Tw* Tw® Ts | 


till: scenes concise yeaa a 
Keronaad AI I Somme 


ict 


* Two wait states are automatically inserted. 
NOTE) MC: Machine Cycle 


Figure 62 E Clock Timing (During Read/Write Cycle and 
Interrupt Acknowledge Cycle) 
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Last BUS RELEASE mode 
state 
Te. Us Ty Ty 


¢ LUUUUUUU Lan 





(a) E Clock Timing in BUS RELEASE Mode 


SLP 
instruction 
2nd op-code Op-code 


| fetch cycle SLEEP mode or SYSTEM STOP mode : fetch cycle 
T1 Te Ts /T1 Te T Ts Tg 7 Ti Te 
Famer a Oa i lV Pu op 





(b) E Clock Timing in SLEEP Mode and SYSTEM STOP Mode 


Figure 63 E Clock Timing 
(in BUS RELEASE mode, SLEEP mode, SYSTEM STOP mode) 


Wait states inserted in op-code fetch, memory read/write and I/ 15.1 6800 Type Bus Interfacing Note 
O read/write cycles extend the duration of E clock output HIGH. When the HD64180 is connected to 6800 type peripheral LSIs 
Note that during I/O read/write cycles with no wait states (only oc- with E clock, the 6800 type peripheral LSIs should be located in I/O 
curs during on-chip I/O register accesses), E will not go HIGH. address space. 

The correspondence between the duration of E clock output If the 6800 type peripheral LSIs are located in memory address 
HIGH and standard peripheral device speed selections is as follows. space, WR set-up time and WR hold time for E clock won’t be 


guaranteed during memory read/write cycles and 6800 type periph- 


Required duration of eral LSIs can’t be connected correctly. 
Device Speed Selection E clock output HIGH 


1.0 MHz (ex: HD6321P) 500 ns min 
1.5 MHz (ex: HD63A21P) 333 ns min. 
2.0 MHz (ex: HD63B21P) 230 ns min. 





© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 501 





HD64180R/Z 





16 ON-CHIP CLOCK GENERATOR 

The HD64180 contains a crystal oscillator and system clock (¢) 
generator. A crystal can be directly connected or an external clock 
input can be provided. In either case, the system clock (¢) is equal 
to one-half the input clock. For example, a crystal or external clock 


input of 8 MHz corresponds with a system clock rate of @¢ = 4 
MHz. 

The following table shows the AT cut crystal characteristics (Co, 
Rs) and the load capacitance (CL1, CL2) required for various fre- 
quencies of HD64180 operation. 


Table 16 Crystai Characteristics 





fe) <7 pF 





fa Clock Frequency 


If an external clock input is used instead of a crystal, the 
waveform (twice the @ clock rate) should exhibit a 50% + 5% duty 
cycle. Note that the minimum clock input HIGH voltage level is 
Vcc 0.6V. The external clock input is connected to the EXTAL 
pin, while the XTAL pin is left open. Fig. 64 shows external clock 
interface. 


EXTAL 


JUUL Extemal Clock Input 


XTAL Open 


Figure 64 External Clock Interface 


Fig. 65 shows the HD64180 clock generator circuit while Fig. 66 
and Fig. 67 specify circuit board design rules. 


CL1 


?h 
as | 
XTA eee 


EXTAL 


Figure 65 Crystal Interface 


4MHz < f S 12MHz 12MHz < f = 16MHz 


CL, CL, 10 to 22 pF + 10% 10 to 22 pF + 10% 10 to 22 pF + 10% 









HD64180 


must be avoided 


A, B: Signal 


HD64180 


Figure 66 Note for Board Design of the Oscillation Circuit 


@ HITACHI 
502 Hitachi America, Ltd. « Hitachi Plaza e 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 © (415) 589-8300 





if 20 mm mex 












HD64180 
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(Top View) 
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Signal line layout should 
avoid areas marked with /////. 
ue 








Figure 67 Example of Board Design 


Circuit Board design should observe the followings. 
(1) To prevent induced noise, the crystal and load capacitors 
should be physically located as close to the LSI as possible. 
(2) Signal lines should not run parallel to the clock oscillator 
inputs. In particular, the clock input circuitry and the system 
clock @ output should be separated as much as possible. 


(3) Similar to (2), Vcc power lines should be separated from the 
clock oscillator input circuitry. 

(4) Resistivity between XTAL or EXTAL and the other pins 
should be greater than 10M ohms. 
Signal line layout should avoid areas marked with /////. 
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17 MISCELLANEOUS 

Free Running Counter (I/O Address = 18H) 

Read only 8-bit free running counter without control registers 
and status registers. The contents of the 8-bit free running counter 
is counted down by 1 with an interval of 10 ¢ clock cycles. The free 
running counter continues counting down without being affected by 
the read operation. 

If data is written into the free running counter, we can’t guaran- 
js the interval of DRAM refresh cycle and baud rates of ASCI and 
CSI/O. 

In IOSTOP mode, the free running counter continues counting 
down. It is initialized to FFH during RESET. 


18 OPERATION NOTES 
18.1 Precaution on Interfacing the Z80* Family Peripheral 
LSls to the HD64180 
(1) Problem 
In daisy chain, the Z80* family peripheral LSI (PIO, DMA, 
CTC, SIO, or DART) resets interrupt circuit (i.e. IEO changes 
from LOW to HIGH) by fetching the RETI op-code on the 
data bus concurrently during the CPU fetches the RETI. 
Therefore, the followings should be noted for the RETI op- 
code (EDH, 4DH) fetch timing in the Z80* peripheral LSI. 
When the peripheral LSI fetches the first op-code of RETI 
(EDH), LIR should be negated HIGH at the rising edge of 
system clock ¢@ as shown in Fig. 71, A. (This isn’t referred in 
the manuals for the Z80* peripheral LSI.) So, LIR hold time 
(LIR = HIGH) should be required as shown in Fig. 71. 





Because LIR changes synchronously with the rising edge of 
system clock @, LIR delay time is equal to LIR hold time of the 
Z80* peripheral LSI. However, this LIR hold time may not be 
sufficient for the Z80* peripheral LSI in some case and IEO 
line may not be reset. 


(2) An example of countermeasure 
___Fig. 72 shows an example of circuit, while Fig. 73 shows the 
LIR and LIR’ timing in the circuit. 


nth aD 


¢ —[o 


TR’ to Peripheral LSI 


LS75 


Figure 72 Circuit Example 


* Z80 is a registered trademark of Zilog, Inc. 


UR’ i 
Figure 73 LIR and LIR’ Timing in the Circuit 


LIR’, which is synchronized with the falling edge of system 
clock @, is provided to the peripheral LSI. In this case, one-half 
clock cycle duration is confirmed as the hold time. 

Please carefully examine the circuit before you use it on 
your application. 


© HITACHI 


1) 
CR 
sain 
Figure 71 LIR Hold Time 
504 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





18.5 Precaution on Interfacing HD64180 with Z80* CTC 
(1) Probiem 

The following problem may happen when interfacing HD64180 
with Z80* CTC (Z8430). Therefore, countermeasure shown in sec- 
tion 2 should be taken. Fig. 81 illustrates Z80* CTC write timing 
specified in Z80* CTC Data Sheet. Fig. 82 and Fig. 83 show Z80* I/ 
O write timing and HD64180 I/O write timing respectively. 

As shown above, IOE in HD64180 goes LOW by a half @ clock 
cycle faster than IORQ in Z80. When interfacing Z80 with Z80* 
CTC, data is written into Z80* CTC at the rising edge of Tw. By 
contrast, when interfacing HD64180 with Z80* CTC, data is written 
into Z80* CTC at the rising edge of T,. In the latter case, data may 
not be written into Z80* CTC if IOE set-up time for the nsing edge 
of T,, is less than the set-up time specified in Z80* CTC. 


ne ee ee 







ams Set-up time 
CE 
ee Set-up time 
ljORQ 
Set-up time | Hold time 
Data 


Figure 81 Z80* CTC Write Timing”* 


jORO 


Data 


Ti Te2 Tw Ts 
Ody sb es te, 
t 


Write data 


Figure 82 Z80°* I/O Write Timing 


Ti Te2 Tw T3 
oo) Lat Ley eS 


lOE 


Data 


t 


Write data 


Figure 83 HD64180 1/0 Write Timing 


* Z80 is a registered trademark of Zilog, Inc. 
** Copied from Z80* CTC Data Sheet (April, 1985) 
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(2) Countermeasure 

To Avoid the problem, IOE in HD64180 should be asserted 
LOW at the rising edge of T, to assure the set-up time specified in 
Z80* CTC. Fig. 84 (a) shows a circuit for delaying IOE by a half ¢ 
clock cycle. 

If this circuit is externally connected between HD64180 and 
Z80* CTC, IOE’ will be pulled LOW at the rising edge of T, only in 
I/O read/write cycle_as shown in Fig. 84 (b). While in INT, 
acknowledge cycle, IOE and JOE’ are asserted LOW at the timing 
shown in Fig. 84 (c). In INT, acknowledge cycle, IOE’ delays be- 
cause of propagation time of TTL gates of the countermeasure cir- 
cuit and the vector access time is shortened. If vector access time 
for HD64180 is not assured during INT, acknowledge cycle, wait 
States should be inserted by programming IWIO and IWI1 bits of 
DMA/WAIT Control Register. However, note that wait states in- 
sertion by software should be inhibited during Z80* CTC read/write 
cycles, because more than one wait state can not be allowed in the 
case of Z80* CTC. (Please see Z80* CTC Data Sheet. One wait state 
is automatically inserted during the cycles.) Refer to **Fig. 85 Z80* 
CTC Access Flow’’ for details. 





Ps LS75 


(a) Countermeasure Circuit 


Ti To Tw Ts T1 
od 
UR 
10E Fixed to HIGH 
OE’ 
(b) 1/0 Read/Write Timing 
T1 Ta Tw Tw T3 Th 
d db 
LIR 
so yo | 
OE’ | Vector sear ta time 
et 


Propagation time of TTL gates 


(c) INT o Acknowledge Cycle Timing 


Figure 84 Countermeasure Circuit and Timings in the Circuit 
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Program DMA/WAIT Control 
Register to insert wait states 





Disable INTo 


Disable programmable wait states 
insertion for I/O access (One wait state 


is automatically inserted during Z80* 
CTC read/write cycles.) 





Access Z80* CTC 


Enable programmable wait states 
insertion for I/O access 


Enable INT o 


*1 More than one wait state can not be 
’ allowed during Z80° CTC read/write 
cycles. 


Figure 85 Z80° CTC Access Flow 
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18.6 Notes on HD64180 INT, Mode 0 
(1) Problem 

In INT, Mode 0, the CPU executes an instruction which is 
placed on the data bus during the interrupt acknowledge cycle. 
Usually, RST (1-byte instruction) or CALL (3-byte instruction) is 
placed on the data bus. Then, the CPU pushes the Program Coun- 
ter (PC) onto the stack and jumps to the interrupt service routine. 
In the case of RST instruction, the correct return address is pushed 
onto the stack. However, in the case of CALL instruction, the 
pushed return address is equal to the correct return address + 2. 


(2) Explanation of operation 
During the lst op-code fetch cycle in the interrupt acknowledge 


Last INT , Mode O 
Machine acknowledge 
Cycle cycle 


CALL instruction execution 


HD64180R/Z 


cycle, the CPU stops incrementing the PC. At this time, the PC 
contains the return address. After the lst op-code is fetched, the 
CPU restarts incrementing the PC. Therefore, is RST (i-byte in- 
struction) is executed in the interrupt acknowledge cycle, the cor- 
rect return address is pushed onto the stack and the CPU can return 
from the interrupt service routine correctly. While, if CALL (3-byte 
instruction) is executed in the interrupt acknowledge cycle, the PC 
iS incremented twice during the operand read cycle of the 2 bytes 
after the Ist op-code is fetched. Therefore, the return address + 2 
in the PC is pushed onto the stack. So, when RETI is executed at 
the end of the interrupt service routine, the CPU can not return 
from the interrupt correctly. 2s: 
Fig 86 shows the CALL execution timing in INT, Mode 0. 


Interrupt 
service 
routine 


Te. 'T1T2TwTwTs!TilTe2Ts T1T2T3 Ti T1T2 T3771 T2T3]T1T2Ts 





Starting 
Address 


” 
he 
NO 


{CIEL 


= 


Ul 


oa eee ee es See ae a fee ee L mma ane oe oe ee oe ae “~ 


| The return address+ 2 in the PC is pushed onto the stack. 


Figure 86 The CALL Execution Timing in INT , Mode 0 
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(3) Countermeasure Table 18 Stack Contents Adjustment 

The following explains the countermeasure of the problem in 
eee [Instruction | Stack Contents Adjustment 
@ RST 


Post. [| SCSC*wNSCSC“‘CSC™*C*C*S 
CALL Decrement the stack contents by two 


Other No 
instructions (The PC is not stacked.) 


When RST is executed, the correct return address in the PC 
is pushed onto the stack. 
@ CALL 
When CALL is executed, the stack contents must be decre- 
mented by two in the interrupt service routine to return from 
the interrupt correctly. 


Table 18 summarizes how to adjust the stack contents depend- The INT, Mode 0 sequences when executing RST and CALL 
ing On the instruction to be executed. are shown in Fig. 87. 


Main Routine 


interrupt service routine 


RST PC (High) — (SP— 1) 

PC (Low) — (SP— 2) 

SP—2— SP 

Address 
PC—1 


INTo ———~ 
PC FE] 
RETI (Pc (Low) + (SP) } 


PC (High) —- (SP+ 1) 
SP —SP+2 


(a) INTo Mode O Sequence when executing RST 


Main Routine 
Interrupt service routine 

RST / PC+2 (High) — (SP— 1) 
} PC+ 2 (Low) — (SP— 2) 
: \sp-2— SP 

Address POP BC 
PC—1 DEC BC | Decrements the stack 
INTo ———> DEC BC | contents by two 


Pc PUSH BC 
| 
RETI PC (Low) + (SP) 
PC (High) — (SP+ 1) 
SP —SP+2 


(b) INTo Mode O Sequence when executing CALL 
NOTE) PC: PC indicates the return address 


Figure 87 INT ,Mode 0 Sequence 
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19 INSTRUCTION SET 
19.1 Instruction set overview 

The HD64180 is object code compatible with standard 8-bit op- 
erating system and application software. The instruction set also 
contains a number of new instructions to improve system and soft- 
ware performance, reliability and efficiency. 


New Instructions | Operation 
SLP nter 



















mode 


MLT 8-bit multiply with 16-bit result 

INO g, (m) Input contents of immediate I/O address into 
register 

OUTO (m), g Output register contents to immediate I/O ad- 
dress 

OTIM Block output — increment 

OTIMR Block output — increment and repeat 

OTDM Block output — decrement 

OTDMR Block output — decrement and repeat 

TSTIO m Non-destructive AND, I/O port and accumula- 
tor 

TST g Non-destructive AND, register and accumula- 
tor 

TST m Non-destructive AND, immediate data and ac- 
cumulator 

TST (HL) Non-destructive AND, memory data and ac- 


cumulator 


(1) SLP — Sleep 

The SLP instruction causes the HD64180 to enter SLEEP low 
power consumption mode. See section 5 for a complete description 
of the SLEEP state. 


(2) MLT — Multiply 
The MLT performs unsigned multiplication on two 8 bit num- 
bers yielding a 16 bit result. MLT may specify BC, DE, HL or SP 






registers. In all cases, the 8-bit operands are loaded inio each half of 
the 16-bit register and the 16-bit result is returned in that register. 


(3) INO g, (m) — Input, Immediate I/O address 

The contents of immediately specified 8-bit I/O address are 
input into the specified register. When I/O is accessed, 00H is out- 
put in high-order bits of address automatically. 


(4) OUTO (m), g — Output, immediate I/O address 

The contents of the specified register are output to the immedia- 
tely specified 8-bit I/O address. When I/O is accessed, 00H is output 
in high-order bits of address automatically. 


(5) OTIM, OTIMR, OTDM, OTDMR — Block 1/0 

The contents of memory pointed to by HL is output to the I/O 
address in (C). The memory address (HL) and I/O address (C) are 
incremented in OTIM and OTIMR and decremented in OTDM and 
OTDMR respectively. B register is decremented. The OTIMR and 
OTDMR variants repeat the above sequence until register B is de- 
cremented to 0. Since the I/O address (C) is automatically incre- 
mented or decremented, these instructions are useful for block I/O 
(such as HD64180 on-chip I/O) initialization. When I/O is ac- 
cessed, 00H is output in high-order bits of address automatically. 


(6) TSTIO m — Test I/O Port 

The contents of the I/O port addressed by C are ANDed with 8- 
bit immediate data and the status flags are updated. The I/O port 
contents are not written (non-destructive AND). When I/O is ac- 
cessed, 00H is output in higher bits of address automatically. 


(7) TST g — Test Register 

The contents of the specified register are ANDed with the ac- 
cumulator (A) and the status flags are updated. The accumulator 
and specified register are not changed (non-destructive AND). 
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(8) TST m — Test Immediate 

The 8-bit immediate data is ANDed with the accumulator (A) 
and the status flags are updated. The accumulator is not changed 
(non-destructive AND). 


(9) TST (HL) — Test Memory 

The contents of memory pointed to by HL are ANDed with the 
accumulator (A) and the status flags are updated. The memory 
contents and accumulator are not changed (non-destructive AND). 


19.2 Instruction set summary 
The followings explain the symbols in instruction set, and the 
following tables summarize the operation of each instruction. 





(1) Register (4) Restart Address 
; : ’ ; v specifies a restart address. The following table shows the cor- 
8, 8, WW, XX, yy, and zz specify a register to be used. g and g respondence between v and restart addresses 
specify an 8-bit register. ww, xx, yy, and zz specify a pair of 16-bit : 
registers. The following tables show the correspondence between 
symbols and registers. 








(5) Flag 
NOTE: Suffixed H and L to ww,xx,yy,zz (ex.wwH,IXL) indicate The following symbols show the flag conditions. 
upper and lower 8-bit of the 16-bit register respectively. - : not affected 
t : affected 
(2) Bit xX : undefined 
b specifies a bit to be manipulated in the bit manipulation in- S : settol 
struction. The following table shows the correspondence between b R : reset to 0 
and bits. P : parity 
V_: overflow 
(6) Miscellaneous 
( Ju : data in the memory address 
( ») : data in the I/O address 
morn : §8-bit data 
mn : 16-bit data 
r : 8-bit register 
R : 16-bit register 
b-( =) ::s a content of bit b in the memory address 
b-gr : acontent of bit b in the register gr 
dorj : §8-bit signed displacement 
S : source addressing mode 
D : destination addressing mode 
AND operation 
+ : OR operation 
(3) Condition & : EXCLUSIVE OR operation 
f specifies the condition in program control instructions. The fol- 
lowing shows the correspondence between f and conditions. 
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Data Manipulation Instructions 


Arithmetic and Logical Instructions (8-bit) 


Addressing |e | 
name 
= Ga Mea SEE: 


ADD A.g Ar+ gr-~ Ar 
ADD A, (HL) As+ (HL m— Ar 
ADD A\m Art m—Ar 







































ADO A, (X+ d} Art OX+ dw Ar 


AOD A, (Y +d) Art QY + dly—Ar 


o o Oo oO 















ADC Ag 
ADC A, (HL) 
ADC A.m 





Art gr+ c—Ar 
Art Hut co Ar 
Ar+ m+ c—Ar 


ADC A, (iX+d) Art OX+ dit c-7Ar 


ADC A, 0Y +d) Art (IY + dit cm Ar 


=) o oo 90 































AND ANO g DO 
AND (HL) D 
AND m D 6 m-~Ar 
AND (ix+ d) iv) 14 + (+ dw Ar 
AND d 14 OV + dh Ar 
Compare CP g 10 111 ie) 4 
CP (HL) 10111 o 6 
cP m 14111 D 6 
< m 
CP (ix-+ d) 11011 D 14 
10 111 
< od 
CP iv¥+a) 17:°911 0 14 Ar~ (Y+ dy 
10 111 
< od 










DEC g 
DEC (HU) 
DEC aX+ d) 






00 9 
00 110 
11011 
00 110 
< d 
111114 101 
00110 101 
< od 








101 
101 
101 





(HU 1 (HL 
OX+ dha 1— 
(Xx+ du 



















DEC tY+d) 





(iv + da- 1 
(IY + dh 












INC g 00g 100 ert+ 1—gr 
INC (HL) 00 110 100 (HUat+ 1 HU 
INC OX+ d) 11.011 101 X+ dlyt 1-- 


00110 100 UX + dn 


(to be continued) 
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OP-code 7 6 4 2 
neme 
$§ Z HPV AN C 
INC OY+ d) 
< 


11.101 101 

01 wwt 100 

11 101 tf t ft vi Ss } 
01.000 100 















Ar+ gr—Ar 
D Ar+ (HU Ar 
Oo Ar+m—Ar 
D Ar + QX + dhyAr 
D Ar+(Y + dhy—Ar 
SUB g D Ar— gr—Ar 
SUB HL) o Ar— (HU Ar 
SUB m D Ar—m—Ar 
SUB 1X+ d} D Ar— (IX+ dhy— Ar 
SUB WY +d) oO Ar— OY + dy Ar 
0 Ar— gt— c—Ar 
D Ar— CHidy— c—Ar 
oO Ar—m—c—Ar 
(8) Ar (X+ dhy- co Ar 
D Ar— WY + dly— e-Ar 


Ar® gr-Ar 
Ar @ (HUy—Ar 
Ar ® m—Ar 


Ar & 0X+ diy Ar 


Ar @ (Y + dhy—Ar 





to) ° oo 9 


(to be continued) 
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Rotate and Shift Instructions 


Addressing 
oF ct One 
peal fe Pe Pao Pe] [sz Hew 
$/0 , ‘ 


Rotate 00 010 
and Rig 11.001 011 
Shvft 00 010 g 
Data Rt (HL) 11 001 O11 
00 010 110 
RL x+d) 11 O11 101 
{1 001 Ol! 
< od > 
00010 110 
RL (ly +d) 11.111 101 
11 001 011 
< od > 
00 010 110 
RLCA 00 000 111 
RLC g 11.001 011 
00 000 g 
RLC (HL) 11.001 011 
00 000 110 
RLC (x +d) 11.011 101 
11.001 011 
< od > 
00 000 110 
RLC iY+d)} 11.111 101 
11.001 011 
< oda > 
00 000 110 
RLD 171.101 101 


$/O 


$/0 


s/o 


$/0 


01101 111 
RRA 00 011 111 
RRg 11.001 011 
00 011 g 
RR (Ht) 11.001 011 
00 011 110 
RR (ix+ d) 11.011 101 
11.001 011 
< od > 
00 011 110 
RR ly + d) 11.111 101 
11.001 011 
< ad > 


S/O 


$/D 





00 011 110 
RRCA 00 001 111 
RRC g 11.001 011 
00 001 g 
RRC (HL) 11.001 O11 
00 001 110 
RRC (X+ d) 11.011 101 
11.001 O11 
< da > 
00 001 110 
RRC WY +d) 11.9111 101 
11 001 Ott 
< dad > 
00 001 110 


s/o 


$/D 





(to be continued) 
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Flag 
Operaton Addressing 
ver MNEMONICS 
eels ext p= Te] 


11 101 

and 01100 111 
Shift SLA g 
Data 

SLA (HL} 

SLA (X+ d) 

SLA (IY + d) 

SRA g 

SRA (HU) 

SRA (Ix+ d) 

SRA {y+ d) 

SRL g 

SRL (Hl) 

SRL (x+ d) 

SAL (ly + d) 
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ND 
~ 


LS 
_ 
Ww 


> 
— 
© 


> 
as 
cs 


Ls] 
~ 


i) 
~_ 
Ww 


> 
= 
© 


> 


19 


Ls) 
~ 


Nn 
~ 
w 


> 
~ 
© 


> 
© 
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Bit Manipulation Instructions 


Operation 
OP-code ms | 
neme 
jwaven| ext | wo | rec | rect | wr | et | 


SET bg on 7 
1 
1 


i 
i 










9 
O11 
110 
101 
011 









SET b, (41) 


w 









SET b, 0X+ d) 


110 
101 
011 














SET b, 0¥+ d) 


_ 
© 


110 


Br Reset RES bg 11.001 011 7 
10 b 9 
RES b, HHL) 11 001 O11 13 
10 b 110 
RES b, (X<+ d) 11.011 101 19 
11001 O11 
<4 > 
10 b 110 
RES b, ¥+d) 11.417 101 19 
11001 O11 
< @ > 
10b 110 
Br Test BIT bg 6 


BIT b, (HU) 


BIT b, 0X+ d) 


BIT b, (V+) 


Sy 


11.001 O11. 

O1b 9 

11.001 O11 

01b 110 

11.011 101 15 
11.001 011 

< d > 

O1b 110 

114191 101 15 
11 001 O11 

< d 

Olb 1 
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Arithmetic Instructions (16-bit) 


00 101 O11 
11.117 101 
00 101 O11 


wwet 1—wwp, 
11.011 101 IX_+ 1 1X, 


11.141 101 Vat 1—-1¥R 


11101) 101 
01 ww0 010 





(to be continued) 
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Data Transfer Instructions 


8-Bit Load 


6-bit 










ecole [vo [res fre | ww [ref 





Operation re apes 
Is ZH PNN C| 








LD g, dv+d) 


LD HU.m 


LD 0X+ d).m 


LD (¥+ d),m 







LD (HL).g 
LD (X+ di.g 


LD 0Y+d).g 
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16-Bit Load 


eee] a wwe 


Hta—~SPa 
IXp—-SPp 
IVa —SPp 
(mn+ 1) wwHr 
(mn wwilr 
(mn+ dyer 
(may lr 
(mn+ ty XH 
(monly IXLr 
(mn+ dw l¥ Hr 
(mrdy-~l¥ tr 
wwHr— (mn-+ ty 
wakr— (mnhy 
Hr-~(mn+ 1) 
Lr- (moby 
IXHr— (mnt Wy 
(IXLr—~ imohy 
IVHr—(mn+ Tq 
| YL (mnhy 
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Block Transfer 


BCa= 0 or Ar= (HU 


Ar— HU 
os 1—BC, 


Hat 1—Hia 
Repeat Q until 
Ar= Hi)y or BCa=0 
HU (DE 
BCa— 1-~-BCa 
DEa— 1~DE, 
Hla— 1—HLa 

HU DE, 
Qi BCa— 1—-BCy 

DE_— 1~DE,_ 

Hla 1—Ht, 
Repset O until 
BC,=0 
HU DEhy 
BCa— 1—-BCa 
DEa+ 1~-DEq 
Higt IHL, 

HU DEba 
Q{| BCa— 1—-BC_ 

DEn+ 1—DEq 

HLa+ 1—-Ht, 
Repeat Q until 
BCa=0 





@® PN=0 ®8Ca—-1=0 
PV=1 BCa- 1#0 

@ 2=1 A= 
2=0 Art HU 
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520 


Stack and Exchange 


Addressing 
MNEMONICS OP-code 
SSeS = 


PUSH zz 11 2zz0 101 
S/D 
/0 
Ss 
$/O 
/D 





zzlr—(SP— 2h 
zzHr—(SP— Ih 
SPa— 2--SPp 

IXLr—(SP— 2hy 
IXHr—(SP— 1) 
SPa- 2--SPp 

I¥ir-—(SP— 2) 
IYHr—(SP— 1hy 
SPa~- 2—-SPa 
































g 





(SP+ I)y—zzHr 
(SPhy—zzlr 
SPat+ 2—-SPp 
(SP+ 1)y—iXHr 
(SPhy— IXtr 
SPa+ 2—SPp 
(SP+ 1)y-IVHr 
(SPhy—lY¥Lr 
SPa+ 2-—-SPR 












n 


AFR AFR’ 
DER-—~HLa 
BCa~BC,’ 
DER-— DER’ 
HLa—HLp’ 
Hr-—(SP+ ty 
Lr-— (SPhy 
IXHr-—(SP+ ty 
IXLr-— (SP), 









EX (SP),Hi 


EX (SP),IX 


EX (SP),IY IWHr— (SP+ thy 


IYLr-— (SPhy 
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Program Control Instructions 





HLa~-PCa 
IXa--PCa 








Va--PCy 







PCat -PCe 







contmue C=0 
PCat ;—-PCa C=1 









contmue C= 1 
PCat PCa C=O 







continue Z=0 
PCat y--PCa Z=1 








contmue Z= 1 
PCatr-PCa Z=0 








(SPhy—PCLr 
{SP+ Ihy—-PCHr 
SPat+ 2—-SPpa 
contnue f = felse 
RET {0s true 












(SP PCL 
(SP+ tha PCHr 
SPat+ 2—-SPp 
(SPhy--PCLr 
(SP-+ thy PCH 
SPat 2--SPR 
CF 2 EF 1 












(to be continued) 
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522 
































Operation Addressing 
neme 
pwo] om [vo [rec [rect | wo | ret sz HPWN ¢ 


PCHr—-(SP— tha 
PCLr--(SP~ 2y 
O—PCHr 
v—PCir 

SP_a—- 2—-SPp 





1/0 Instructions 





11.011 011 
< 


(Am) Ar 
m-~Ao~Ar 
Ar—Aa~Ats 
(BCh—gr 
g—110 Only the 
flags wil 
change 
Cr-Ao~Ar 
Br-Aa~Ais 
(OOm)—-gr 
g= 110 Only the 
flags will 
change 
m-—+Ao~Ar 
O0~As~Ais 
(BCh— (HUn 
HLa— 1H, 
Br— 1—~Br 
Cr-~Ao~Arz 
Br-—-As~Ais 
(BC)-~ HUn, 


























Ham 1-H, 

Br— 1—Br 
Repeat OQ until 
Br=0 
Cr—Ao~Arz 
Br—-Ae~Ais 


(Ch HU 
Hiat 1—HLa 
Br 1—-Br 
Cr-Ao~Az 
Br-As~Ais 


(BCh— Hy 
Q 













148r#0) 





Higt 1—-HL, 

Br— 1--Br 
Repeet O unti 
6r=0 
Cr-Ao~Ar 
Br--Ae~Ars 





(to be continued) 
© z=1 e-1=0 
Z=0 Br—1#0 
@ N=1 MSB of Dete=1 
N=0 MSB of Dats=0 
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11010 011 
< m > 
11.101 101 
Olg 001 
11.101 101 
00g 001 
< m > 
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Operaton 7 6 42 1 90 
S$ Z HPN N C 
2 10 ne ae ee 


Ar~ (Am), 
m—Ao~Ar 
Ar—~As~Ais 
gr (BC), 
Cr-Ao~Ar 
Br-As~Ais 
gr (00m), 
m—-Ao~Arz 
00~-As~Ais 
(HU (00C) 
Hig— 1--Hia 
Cr- 1-+Cr 
Br— 1—Br 
Cr--Ao~Az 
00—-As~Ais 
(HU (00C), 
Q] Hla~ 1—Hia 
Cr— 1—Cr 
Br— 1—~Br 
Repeat QO unt# 
Br=0 
Cr-Ao~Az 
00-~Ae~A15 








OUT (C).g 
















OUTO (m).g 

















16(8r#0) 
14(8r= 0) 




















HU (BC) 
QO} Hla— 1-H, 
Br— 1—Br 
Repeat O unt# 
Br=0 
Cr--Ao~ Az 
Br-Ae~A1s 
Um (BC) 
Hia+ 1—HLa 
Br— 1—Br 
Cr--Ao~-Ar 
Or-—-Ae~A15 
(HUm—(BCh 
Q| Hlat 1—Hla 
Br— 1—Br 
Repeat Q unti 
8r=0 
Cr~Ao~Az 
Br-As~Ais 
(00C), m 
Cr-Ao~Az 
00—-~-As~Ais 

















14(Br#0) 
12(Br= 0) 















(to be continued) 
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HLat 1—HLa 
Cr+ 1—Cr 
Br— 1—Br 
Cr-~Ao~Ar 
00--As~Ais 
CHL) (00C), 
Q | Hat 1—Hia 
Cr+ 1-—Cr 
Br— 1B 
Repeat Q until 
Br=0 
Cr~-Ao~Ar 
00—~Ac~Ais 
HL (BC) 
Hua— 1—Hln 
Br— 1—-Br 
Cr-Ao~Ar 
Br-~-As~Ais 





Br-~-1=0 
Gr—1#0 
MSB of Date= 1 
MSB of Data=0 


® © 
Z22NN 

t i 
o-co = 


Special Control instructions 


IEF s, 1—-1EF2 () 
CPU halted 

Interrupt 

mode 0 

interrupt 

mode 1 

interrupt 

mode 2 

No operston 

Sleep 


3 
3 
3 
6 





© Interrupts are not sampled at the end of Di or El. 


@ HITACHI 
524 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





HD64180R/Z 


20 INSTRUCTION SUMMARY IN ALPHABETICAL ORDER 


2 6 


ADC A.m 2 
ADC Ag 
ADC A, (HL) 
ADC A, (X+d) 
ADC A, (Y+d) 
ADD A.m 
ADD A.g 
ADD A, (HL) 
ADD A, (X-+ d) 
ADD A, (IY+d) 
ADC HL.ww 
ADD HL,.ww 
ADD IX,xx 
ADD IY.yy 
AND m 
AND g 
AND (HL) 
AND (X+ d) 
AND (IY+ d) 
BIT b, (HU 
BIT b, (X<-+ d) 
BIT b, 0Y+d) 
BIT b.g 
CALL f,mn 































awh 





6 
14 
14 
9 
15 
15 
6 
6 
(if condition is false) 
16 
(if condition is true) 




























Nona oO WwWOOanNNOWOat Go OO MO YM NY OO DO NY NY 


oO » & & NY WD WB — 











(to be continued) 
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3 6 16 


1 1 3 
12 
14 
(if BCR#0 and Ar# (HL) 
12 
(If BCg=0 or Ar= (HL) 
6 
12 
14 
(if BCR#0 and Ar# (HL) 
12 
(if BCp=O0 or Ar=(HL)y) 
14 
14 


















CP (IX+d) 
CP (iY+d) 
CPL 
CP m 
CP g 
DAA 
DEC (HL) 
DEC ix 
DEC IY 
DEC (IX+ d) 
DEC (Y+d) 
DEC g 
DEC ww 
Di 






















- = = WwWND = we @ HY =@ WwW W 
=~ YO NY © © W WAN DN WN 





(to be continued) 
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DJNZ j 9 (If Br#0) 
7 (tf Br=O0) 

























El 
EX AF,AF’ 
EX DE,HL 
EX (SP),HL 
EX (SP),IX 
EX (SP),IY 


IM 1 
IM 2 
INC g 
INC (HL) 
INC (IX+ d) 
INC (IY+ d) 
INC ww 
INC IX 
INC IY 
IN A,(m) 
IN g.(C) 
INI 
| INIR 














9 
9 
12 
14 (if Br#O) 
12 (if Br=0) 
12 
14 (If Br#O) 


Oo && & Dh F&F W WW Wo YY © OO FP NY NY PY NY 


(to be continued) 
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Cease | we | oo] 


INDR 12 (if Br=0) 
INO g,(m) 12 
JP f.mn 6 


(if f is false) 
9 
(If f is true) 


6 
(If condition is false) 
8 
(Hf condition is true) 
6 
(if condition is false) 
8 
(If condition is true) 
6 
(If condition is false) 
8 
(if condition is true) 
6 
(if condition is false) 
8 
(If condition is true) 





(to be continued) 
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LD A, (BC) 
LD A, (DE) 
LD A,l 
LD A, (mn) 
LD A,R 
LD (BC),A 
LDD 
LD (DE),A 





ena 
















LD ww,mn 
LD ww, (mn) 


LDDR 


LD (HL),m 
LD HL,(mn) 
LD (HL),g 

LDi 
LD LA 
LDIR 














CY 





LD iX,mn 
LD IX,(mn) 
LD (IX+d),m 
LD (X+d),g 
LD [Y,mn 
LD IY,(mn) 
LD (Y¥+d),m 
LD (IY+d).g 


WO & & fF W PP FP F&F HB YP YP WN 
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1 2 6 





14 (Hf BCRp#0) 
12 (If BCp=0) 
9 
15 
7 
12 
6 
14 (If BCR#0) 
12 (if BCp=0) 
12 
18 
15 
15 
12 
18 
15 
15 
























(to be continued) 
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3 5 13 


LD (mn),A 








LD (mn),ww 
LD (mn),HL 
LD (mn),IX 
LD (mn),IY 
LD R.A 

LD g,(HL) 
LD g,(IX+ d) 
LD g,(IlY+ d) 
LD gm 

LD g,g’ 

LD SP,HL 
LD SP,IX 
LD SP,IY 
MLT ww 
NEG 

NOP 

OR (HL) 

OR (IX+ d) 
OR (lY+d) 
OR m 

OR g 
OTDM 
OTDMR 


ok 


mow WB WWhNH YY ODN NY NN ON 
oOo Wantni@n tet fh O 


—_> =? 
> f 


4 
14 
16 (if Br=O) 
14 (if Br=0) 
14 (if Br#0) 
12 (f Br=0) 


OTDR 


-&eOoOowWenannsnsddtdmNnN = 





(to be continued) 
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6 14 


16 (f Br#0) 
14 (if Br=0) 
14 (Hf Br#0) 
12 (If Br=0) 
12 
12 
10 
10 
13 
12 
12 
9 
14 
14 
11 
13 
19 
19 
7 
9 
5 
(If condition is false) 
10 
(If condition is true) 
12 
12 



























OUTD 
OUTI 
OUT (m),A 
OUT (C).g 
OUTO (m).g 
POP Ix 
POP IY 
POP zz 
PUSH IX 
PUSH IY 
PUSH zz 
RES b,(HL) 
RES b,0X+ d) 
RES b,(IY+ d) 
RES bg 
RET 
RET f 





~~ NY NB WD HO NH NB NHN NH NY NY NY NV 




















NH & & BS | YP NW 





oO wWwwonrt nr onaoeagnawthth fat f b&b b&b & OD ® 









(to be continued) 
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RLA 1 1 3 


RLCA 
RLC (HL) 
RLC (IX+ d) 
RLC (IY+ d) 
RLC g 
RLD 
RL (HL) 
RL (IX+ d) 
RL (IY+d) 
RL g 
RRA 
RRCA 
RRC (HL) 
RRC (IX-+ d) 
RRC (IY+ d) 
RRC g 
RRD 
RR (HL) 
| RR (IX+ d) 
RR (Y+d) 
RR g 
RST v 
SBC A,(HL) 
SBC A,(IX+ d) 
SBC A, (IY + d) 
SBC A,m 





2 
_ 
GW 





















yO £—& & NH NH HB PH PP ND 








= Wo nu ve oo DOW WN NN Oo 


cond 









) 
ab 



















NO &§ &F DO NH NH Hh FS NV 











=_ 
non Oons oa wWwsnn 8 8B Ww wn wn 





(to be continued) 
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2 4 


SBC Ag 1 
SBC HL.ww 
SCF 
SET b,(HL) 
SET b,(IX+ d) 
SET b,(IY+d) 
SET bg 
SLA (HL) 
SLA (IX+ d) 
SLA (IY+d) 
SLA g 
SLP 
SRA (HL) 
SRA (IX+ d) 
SRA (IY+d) 
SRA g 
SRL (HL) 
SRL (IX+ d) 
SRL (IY + d) 
SRL g 
SUB (HL) 
SUB (IX+ d) 
SUB (IY + d) 
SUB m 
SUB g 
TSTIO m 
TST g 













































YN & & NB DY FP FP DB HY YB HP FP NH LHP HP PF ND 














Ny WD WwW = 








i Wr nDND ODN WN NOWN YNanwn nun omowoiwn wn on 


(to be continued) 
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TST m 

TST (HL) 10 
XOR (HL) 6 
XOR (IX+ d) 14 
XOR (lY+d) 14 
XOR m 

XOR g 4 
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Oo 





IHOVLIH © 


08-68 (Si) © GL8t-SOOHE VO ‘aUegsIg © AMY JUI0d BUAIS 0007 © BZEiq YOeIH © “ply ‘BOWeWY 1yeIH 


21 OP-CODE MAP 









ww (LO= ALL) LO=0~7 
Table 18 1st op-code map 
instruction format : XX 


| A 
Fone [NA WDOEM] ET |B 

"CALL f,mn | CO | 
CALL m| Notes)| rapes |wotes)| D _| 
ADC Am] SBC Am] XOR mjCP mj E_ 


ai 7 
BEEEEE EES EPEEE 
2 =8~ 


LO=8-F 


NOTE1) (HL) replaces g. 
2) (HL) replaces s. 
3) if DDH is supplemented as 1st op-code for the instructions which have HL or (HL) as an operand in Table 18, the instructions are executed 
replacing HL with IX and (HL) with (IX+ d). 
ex. 22H: LD (mn), HL 
DDH 22H: LD (mn), Ix 
If FDH is supplemented as 1st op-code for the instructions which have HL or (HL) as an operand in Table 18, the instructions are executed 
replacing HL with IY and (HL) with (IY+d). 


ex. 34H : INC (HL) 
FDH 34H : INC (IY+d) 
However, JP (HL) and EX DE, HL are exception and note the followings. 
if DDH is supplemented as ist op-code for JP (HL), (IX) replaces (HL) as operand and JP (IX) is executed. 
if FOH is supplemented as 1st op-code for JP (HL), (IX) replaces (HL) as operand and JP (IY) is executed. 
Even if DDH or FDH is supplemented as 1st op-code for EX DE, HL, HL is not replaced and the instruction is regarded as illegal instruction. 


GEG 


Z/d08179dH 


9EG 


Q0€8-68S (GLb) » 6181-S00r6 V9 ‘auegsig © AMyq JUlOd B119IS O00 « bezel |YDEWH © “p}] ‘eouawy Woe 


IHOVLIH @ 


Table 19 2nd op-code map 
Instruction format : CB XX 


NOTE1) NOTE1) NOTE1) 


BIT b,g RES bg SET b.g 


NOTE1) NOTE1) NOTE1) 





NOTE1) If DDH is supplemented as 1st op-code for the instructions which have (HL) as operand in Tabie 19, the instructions are executed replacing 


(HL) with (IX+d). 
If FDH is supplemented as 1st op-code for the instructions which have (HL) as operand in Table 19, the instructions are executed replacing (HL) 


with (Y¥ +d). 


Z/d08l79dH 





00€8-68S (SL) © BL8L-SOOPG WD ‘aUegSUg @ AMY JUIOd BLAIS O00 © ZU IDPH © “p}] ‘BOVewWYy IYDeH 


LEG 


IHOVLIH @ 


Table 20 2nd op-code map 


instruction format : ED XX 











| BC | DE | HL | SP | 
p-B}O};H| |B{]OTHI | | 
ee 
| POT TT 2T at 4 tT se ety7 stat ATB CPOE F 


















| 0000 | 0 | INO g, (m) INg.(C) | LDIR 
0001] 1 | OUTO (m),g OUT (C),g_ | | CPI | CPIR| 
0010] 2 | SBC HL, ww | 


[0011 | 3 | | LD (mn), ww OTIM[OTIMA] OUT! | OTIR 
| 0100] 4 TST g TST (HL) NEG | [TST m| 
| 5 | RETN 





rit 0 [1M 1! 

ial [LD LATLD AT] RAD 
ooo! es | No gm | Ng) 
root 9 | outo (m).g | OUT ©).g 















wo; oc} CST gg | CUT ww 
RETI 
IM_2 | 
LD RAILD AR] RLD_ 


POLtL2 Late be) Oi 81S ALS] Oo Le je 
rotetitatopere ya 
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22 BUS AND CONTROL SIGNAL CONDITION IN EACH MACHINE CYCLE 


ADD HL,ww 


ADD X,xx 
ADD IY. yy 


* (ADDRESS) : invalid 
Z (DATA) : high impedance. 


re | 


ADC HL,ww 
SBC HL,ww 


-( 


4 


1st op-code 
TiTeT3 Address 

1st operand 
TiTe2T3 Address 


ADD A, (X+d) 
ADD A, t¥+d) 
ADC A, (X+d) 
ADC A, tY+d) 
SUB (IX+ d) 

SUB (+d) 

SBC A, (X+ d) 


z| § a 
= 
> 
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1st op-code 1st 
MC: | TiTeTs Address op-code 
2nd op-code 2nd 
BIT b, (HL) 
MCe2 | TiTaT3 Address op-code 
MCs | TifeTs HL DATA 





| is false) 
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Machine 
Instruction Cycle 


SBC A, (IY+d) 
AND (IX+ d) 


5| 
a 

x 

> 

+ 
cy 

4 


MC3 


ADDRESS DATA 
AND (IY +d) 


1st operand 
TiT2Ts° Address 
OR (IX+ d) MCa4 


OR (iY+ d) ~MCs | THT 


XOR (IX+ d) 
IX+d 
TiTaTs Y+d DATA 


XOR (IY+ d) 
1st op-code 


Address 


2nd op-code 
Address 


Z 


CP (IX+ d) 


= = — _ 
Ps) 


CP (IY+ d) MCe 


MC; 
BIT b,g 
MC2 







=~ 
n 
Pa 


TiTeTs op-code 


2nd 
op-code 


_ 


TiTeTs 





1st op-code 1st 
TiT2T3 Address op-code 


2nd op-code 2nd 
MCz2 | T1Te2Ts Address op-code 


MC; 







BIT b, (IX+ d) 


1st operand 
Address 


3rd op-code 3rd 
TiTeTs Address op-code 


IX+d 
TiTeTs V+d DATA 
1st op-code 1st 
TiTeTs Address op-code 
1st operand 
TiT2Ts Address 
2nd operand 
TiT2T3 Address 


BIT b, (¥+d) MCs | T1Te2Ts 


MCa 


MCs 


MC; 


MC2 


MC3 
CALL mn 


MC, 


TiT2T3 


Z 
MCs PCH 
MCe PCL 


1st op-code 
TiT2T3 Address op-code 


1st operand 
1TaT3 Address 


CALL f,mn 
(Hf condition 


MC, 


7 
4 


MC2 


(to be contmued) 
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540 


ist op-code 
TiTeT3 Address eee 
1st operand 
TiT2Ta Address 
2nd operand 
MC3 } T1Te2T3 Address 
a ae 
wos] rire ees | rem 
sale. Joos 
1st op-code 
TiTeaTs Address 
Ist op-code 
TiT2Ts Address 
2nd op-code 
T1Te2T3 Address 


1st op-code 
Ti1TeaT3 Address 

















CALL f,mn 
(i condition 
is true) 





rca 


on === 
CPDR TiTeT3 Address ae 
(if BCp#0 and 


~ Be TiTiTiTiTi ss 
Ist op-code 
T1TeT3 Address 


-_ 
& 


lk 


7 a sn 
CPDR TiTeTs Address 
(tf BCp=0 or 


1st Sates 
TiTeTs Address 
Ist op-code 
T1TeTs Address 
“aa a 
1st op-code 
TiTeT3 Address op- ee 


fi 


(°] 
3 
2 


th 
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Machine 
AODRESS DATA tuR |HALT | ST 
_ 
1st op-code 
ee 1T2T3 Address a 
DJNZ } See EERE 
(ff Br#0) 1st operand 
TiTe2T3 Address 
1st 
TiTeT3 op-code 
1st operand 
TiT2T3 Address 
1st op-code 
TiT2Ts Address eee 
1st op-code 
TiTe2T3 Address Sas 
1st op-code 1st 
TiTaTs Address op-code 
1st op-code 1st 
TiTeTs Address op-code 













DJNZ j 
(ff Br=0) 


ae ie HL 


EX AF, AF’ 


EX (SP), HL 


EX (SP),IX 
EX (SP),IY 









ist op-code 1st 

TiTeT3 Address op-code 
2nd op-code 2nd 

TiTeT3 Address op-code 





“1 DMA, REFRESH, or BUS RELEASE cannot be executed after this state (Request is ignored) Hobe continued 
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ADDRESS DATA 


EX (SP), Ix 


IXH 


MCe | T:T2Ts SP+ 1 IVYH 


EX (SP), IY 





MC; 


MC: 
HALT 

MC; 

MC2 

1st op-code ist 

INC g MC, | T1T2T3 Address op-code 
DEC g 

MC2 


1st op-code 1st 
MC: | T1T2Ts Address 
INC (HL) MC2 ia 
DEC (HL) 
MC3 
MC, ae 


TiT2T3 iY 


é 
ae a 


Ist op-code Ist 
TiT2T3 Address op-code 


Next op-code Next 
Address -code 


{°] 
o 


$2 
iv] 
3 


T1Te2T3 Address 


2nd op-code 2nd 
TiT2T3 Address op-code 


= 
ip) 
4 3 
4 
3 
8 


o 
3 
3 


HL 


TiT2T3 HL 


Ist op-code 1st 
TiT2T3 Address op-code 
op-code 2nd 
TiTaT3 Address op-code 
1st operand 
INC (IX+ d) MC3 [| T:T2Ts3 Address 
INC (IY +d) 


TiT2Ts 
MC; 


N 
a 


MC2 


= sl =a 
: 






MC. 
DEC (IX+d) ~MCs | TiTi 


DEC (IY+d) X+d 


Y+d 


MCe | T1T2Ts3 DATA 


MC7 


IX+d 
Y+d 


ist op-code 1st 
TiT2T3 Address 


oO 
> 
4 
> 


MCs | TiT2Ts 


INC ww MC: 
DEC ww 


MCa2 


-f 


1st op-code 1 
TiT2Ts Address 


op-code 
TiT2T3 Address 


MC; 


2 


MC2 


Be 
i 


nN 
a 


: & 
fo sok od ak 





MCa 


z 
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Machine 
Cycle States ADDRESS DATA ‘WR “UR HALT ST 
1st op-code 
TiT2T3 Address ae 
ist operand 
IN A, 
m to Ao~A7 
T:T2Ts A to As~Ai15 DATA 
IN g,(C) 







1st op-code 1st 
TiTe2Ts Address op-code 
2nd op-code 2nd 
TiT2Ts Address op-code 
TiT2Ts ls AnRAAH 
1st op-code 1st 
TiT2T3 Address op-code 
2nd op-code 2nd 
TiTe2T3 Address op-code 
1st operand 
TiT2T3 Address 
m to Ao~Az 
TiTeT3 OOH to As~Ais | DATA 
1st op-code 1st 
TiTeTs Address op-code 
2nd op-code 
TiT2T3 Address ae 
ist op-code 
TiTe2T3 Address ee 
2nd op-code 
TiT2Ts Address ae 


MC, 






MCz 
MCs 


MC, 


MC; 


MC2 


MCs; 


MC, 


MC: 





MC2 







INIR 
INDR 





MC, | T1T2Ts 


MCs 
—~MCe {| TiTi 





1st op-code 
Address 


MC: | T1T2Ts 


2nd op-code 
TiTe2Ts Address ee 
TiT2T3 HL DATA 





INIR 
INDR 
(tf Br= 0) 






MCz 






MC3 


MC, 





(to be continued) 
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ai 





DATA 


a 
aie eins, 
Ist op-code 
T1T2T3 Address 
1st operand 
TiTeT3 Address 
2nd operand 
TiT2T3 Address 
1st op-code 
TiT2T3 Address 
Ist operand 
TiT2T3 Address 
1st op-code 1st 
TileTs Address 
1st operand 
TiTeT3 Address 
2nd operand 
TiTeTs Address 
ist op-code 
1st op-code 
TiTeT3 Address op- ae 


JP (IX) 
JP (ly) 2nd op-code 
TiT2T3 Address 


1st op-code 
TiTeTs Address ee. 
: 1st operand 
, JR 
MC3 
~MCa } TiTi 





° ° ° 
3 33 











JP f.mn 
(If f is false) 


JP f.mn 
(If f is true) 





PPR EET PER 
: : : 
oe 









JR Cj JR NC;j 1st op-code 
JR Zj JRNZj TiT2Ts Address 

(if condition 1st operand 

is fatse) | Tet Address 


1st op-codge 
T1TaT3 Address en 


JR Cj JR NCj 
JR Zj JR NZj 1st operand 
(ff condition T1T2Ts Address 
1s true) 
ae TiTi 


Ist op-code 
TiTe2T3 Address 

1st op-code 
TiTe2Ts Address 

1st operand 
TiTeaTs Address 





ail 
é 
Pe eee ee er eee ee eee 





(to be continued) 
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Machine eee ae 
1st op-code 1st 
MC; | TiT2Ts Address op-code 
LD g, (HL) 
Sey tt ara fo ft fo fs [a fs [ey 
1st op-code 
TiT2Ts Address aoe 1 
2nd op-code 

TiTaTs Address eee 













LD g, (IX+d) 1st operand 
LD g, (\¥+d) TiT2T3 Address 


IX+d 
TiT2T3 Y+d DATA 
ist op-code 
TiTe2T3 Address ee 
a ee 
fe 
1st op-code 
TiT2T3 Address = 
2nd op-code 
TiT2T3 Address ae 
ist operand 
TiTaT3 Address 
me 5 on 
IX+d 
T1T2T3 Y+d 
1st op-code 
TiTeT3 Address eee 
1st operand 
TiTeTs Address 
1st op-code 
TiT2Ts3 Address ee 
2nd op-code 
TiTeTs Address nee 
1st operand 
TiTeTs Address 
2nd operand 
TiTeTs Address 
IX+d 
TiTe2T3 Y+d 
1st op-code 
TiTeTs3 Address 


LD (HL),g 


LOD (IX+d),g 
LD (Il¥+d),g 





LD (HL),m 


LD (IX+d),m 
LD (IY+d),m 


DATA 


LO A, (BC) 
LD A, (DE) 





- 





{to be continued) 
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BC 
MCs | T1T2T3 DE A 


Ist op-code 1st 

MC. | TiTeTs Address op-code 
1st operand 

MCoe | T1TeTs Address 
2nd operand 

LD A 
vn) MC3 | T:T2Ts Address 
MCa | 
MCs | T1TeTs 


1st op-code 1st 









Machine | | | 
Instruction Gye: |), ADDRESS DATA WR TR | HALT 
LD A, (BC) BC 
LD A, (DE) MC2 {| TiTe2T3 DE DATA 
1st op-code Ist 
MC; | TiT2T3 Address op-code 
1st operand 
MC2 | TiTaTs Address 
LD A,(mn) 
2nd operand 
MC3 | T:Te2T3 Address 
1st op-code 1st 
MC; | TiT2Ts Address op-code 
LD (BC),A 


> 
N 





Ist op-code 1st 


Address 


2nd op-code 
TiTe2Ts Address 


1st operand | 
TiTeT3 Address 

2nd operand 
TiTeT3 Address 

1st op-code Ist 
TiTeT3 Address 






MC; | T1TeT3 


LD A|l 
LD A.R MC, | T1Te2T3 Address op-code 
LD LA 2nd op-code 2nd 
|} LD RA MCz2 | TiTe2Ts Address op-code 
1st op-code 1st 
MC; | TiTeTs Address op-code 
Ist operand 
LD ; 
2nd operand , 
MC3 | TiTe2Ts Address 





2nd 
MC2 


LD IX,mn 


LD [Y,mn 
MCs 


MC, 





°} 
$ 


MC; 


- 


op-code 
LD HL, (mn) 
1st operand 
MC2 | TiTe2T3 Address 
(to be continued) 
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Cy 


= 
8 
z. 
ii 
5 
- 
a) 
” 
i 
> 
— 
> 


Ce ok bal Sol od cot al od 
bal om Ge Gl cadet ee 
Co Ce eh 
Fah ak ok Gol nt Uk 









States 
2nd opera 
TiT2T3 Address 


lst op-code 1st 
TiT2T3 Address 

2nd op-code 
TiTeTs Address 


op-code 
2nd 
op-code 
1st operand 
T1TeT3 Address 
nd operand 
TiTe2T3 pipet 
DATA 
DATA 


a 


LD HL, (mn) 


LD ww,(mn) 


LD iX,(mn) 
LD IY,(mn) 


cle 
MC3 
MC, 


Port 
1st op-code 1st 
TiT2T3 Address op-code 
2nd op-code 2nd 
TiT2Ts Address op-code 


+ 











1st operand 
T1T2Ts Address 
2nd operand 
TiTe2Ts3 Address 


1st op-code 1st 
TiTe2Ts Address op-code 
1st operand 
TiT2T3 Address 
2nd operand 
TiT2T3 Address 


LD (mn),HL 
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Machine aes ees: ee 
Gye. | oe ADDRESS DATA WR UR |HALT | st 
ist op-code 1st 
TiT2T3 Address op-c 
2nd op-code 2nd 
MCz2 | TiTeTs Address op-c 
1st operand 
MCs | TiT2T3 Address 
2nd operand 
TiT2T3 Address 
Ist op-code 1st 
TiTe2Ts Address op-code 
2nd op-code 2nd 
MCz2 | TiT2Ts Address ~ 
1st operand 
MCs3 | T1ToTs Address 
2nd operand 
MCa |} TiTa2Ts Address 
1st op-code 
TiTe2T3 Address op-code 


MC; 


Me 






LD } 
enol NW MC. 


MCs 


MC; 


; 
é 


° 
no] 
Q 
& 
ro) 


LD (mn) IX 
LD (mn), IY 


MCs 


MCe 


MC7 







MC; 


LD SP, HL 


| 
1st op-code 1st 
MC: | T1T2Ts3 Address_ op-code 
2nd op-code 2nd 
TiTeT3 Address op-code 
s 


LD SP,IX 


LD SP,IY MC2 


i“ 
: oO 

be 

> 


1st op-code 
MC: | T1T2Ts Address op-code 
2nd op-code 2 
T1iTeTs Address op-code 


H 


MCe2 





MC3 | TiTe2T3 






MCa4 | T1Te2T3 





(to be continued) 
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f 


ADDRESS 





hine S 
instruction Cycle tates 





1st op-code 
TiT2Ts Address 


| mee ines 
LDIR 
LDDR 
MCs | T:TeT HL DATA 
(Hf BC,#0) foarte 
MCs 
~MCe | TiTi 


| Ist op-code 1st 
MC: | TiT2Ts Address op-code 
2nd op-code 2nd 
MC2 | TiT2Ts Address op-code 
TiT2T3 HL DATA 
wee] tats | 


aa 







Z 
: 
3 
> 


TiTeTs Address op-code 


| op-code 2nd 
TiT2Ts3 Address op-code 


nD 
a 





TiTiTiTi 
MCs | TiTiTitNn 
~MC:i3} TiTith 
1st op-code ist 
TiTeaTs Address op-code 


2nd op-code 
TiT2T3 Address 


1st op-code 


TiTeTa Address 


or | wes | 
1st op-code 
MC. | T1T2Ts Address 
TiT2T3 Address 


| 1st operand 
OUT (m),A | 


m to Ao~Az 
TiTeTs A to As~Ais 
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DATA 


ADDRESS 
| emcton (Me Cycle ac 
1st op-code 
TiTeT3 Address 
2nd op-code 
TiT2Ts Address 


pa 
ist op-code 
T1TeaTs3 Address ee 


1st 
op-code 


x 
2 
«+ 

EER 
| 


ee 


OUT (C),g 


OTIM MC; 
OTDM 


a 


2nd op-code 
TiTeaT3 Address eee 
1st operand 
TiTeaT3 Address 
m to Ao~Az 
TiTeT3 OOH to As~Ai15 
1st op-code 
T1T2Ts Address seas 
2nd op-code 
TiT2T3 Address oe 


C to Ao~-A7 
TiT2T3 OOH to As~-A1s | DATA 

1st op-code 1st 
TiTaTs Address op-code 


sy 
= 
a 


TEE 
- 


2nd op-code 
T1T2T3 Address aon 


jf 
Cc to Ao~Az 
TiTe2T3 OOH to Asa~~Ais | DATA 


iui 





(to be eonninined) 
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States ADDRESS DATA 





Cycle 








ist op-code 


MC: |} T:iTeTs Address 


é 
i 
: 


MCz2 [| T1T2T3 Address 


MC3 
MC, 


TiTeTs3 DATA 


(o) 
S 
> 
rot 

l 
> 


MCs | T1T2Ts OOH to As~Ai1s | DATA 


1st op-code 
TiTeT3 Address 

2nd op-code 
TiT2Ts Address 


TiT2T3 


= 
8 
z 
® 





MCe 


MC; 
MC2 
MC3 


MC, | TiT2T3 


1st op-code 

TiTeTs Address 
2nd op-code 
TiTeTs Address 


MC, 










MC2 
OTIR 


OTDR 


MC3 
(if Br 0) 


TiT2T3 


MC. 


MCs 


~MCe | TiTh 


ist op-code 
TiTe2Ts Address 


MC; 





2nd op-code 
OTIR MC2 | TiT2Ts Address 
OTDR 
(ff Br=0) 





MC3 | T1T2Ts 


MCa | T1Te2Ts 


op-code 


1st 
MC: | T1T2Ts Address 


MC2 | TiT2Ts 


TiTeTs SP+ 1 DATA 
1st op-code 
Address 





oO o =] 3 Oo o 33 Oo Oo 38 8 2 $3 gs 
jeeanieni ets tp . if 


POP IX 
POP IY 


TiTe2T3 
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Machine 
Cycle 













DATA 









at 


POP IX 
POP IY 







8 B18 
g 


is false) 


RET f 
(if condition 
is true) 






DATA 


2nd op-code 
TiT2T3 Address ina 
TiT2T3 SP+ 1 DATA 
Ist op-code 1st 
TiTe2Ts Address op-code 
PUSH zz 
slate fe 
1st op-code 1st 
TiTeT3 Address 
2nd op-code 
TiTeTs Address a 
PUSH Ix 
PUSH IY ae TiTh 
Ist op-code 1st 
TiT2Ts Address op-code 
RET 
1st op-code 
RET f MC: | TiT2Ts Address hee 
(Hf condition 
1st op-code 1st 
TiT2T3 Address 
1st op-code 
Titel Address aaa 
2nd op-code 2nd 
: iVeks Address op-code 


f°) 
q 





(to be continued) 
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a 


1st op-code 
TiTeT3 Address 


1st op-code 

TiTe2Ts Address 
2nd op-code 

TiTeTs Address 


Ti 


Pi g i. 
> > 
4 + 
> > 


2 


_ 
8 


RLC (HL) 
RL (HL) 

RRC (HL) 
RR (Ht) 

SLA (HL) 
SRA (HU) 
SRL (HL) 


RLC (IX+d) 
RLC (Y+ d) 
RL (iX+ d) 

RL (IY +d) 

RRC (Ix+ d) 
RRC (IY + d) 
RR (iX+ d) 

RR (v+ d) 

SLA (IX+ d) 
SLA (IY+d) 
SRA (IX+ d) 
SRA (IY +d) 
SRL (IX+ d) 
SRL (IY+ d) 


ist op-code 
TiTeTs Address 
2nd op-code 
TiTaTs Address 
1st operand 
TiTe2T3 Address 
3rd op-code 
TiT2Ts3 Address 
iX+d 
TiT2T3 Y+d 
= 
iX+d 
TiT2T3 Y+d 
1st op-code 
T1T2T3 Address 
2nd op-code 
TiT2T3 Address 
= 





Machine 
Cycle 





@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 ¢ (415) 589-8300 553 








HD64180R/Z 


554 

















MC3 


MC; 


ist op-code 1st 
TiT2Ts Address 
2nd op-code 2nd 
MCz2 | T1TeT3 Address 
L 


MC, 


SET b, (HL) 
RES b, (HL) 


Machine HALT 
MCa 
RLD —~MCrz | TiTiTiTi 
RRD 
MCez | T1T2Ts HL DATA 
1st op-code 1st 
MC, | T1Te2Ts Address op-code 
MC 2 
~MCs | TiTi 
RST v 
SCF Ist op-code 1st 
MC; [| TiT2T3 Address op-code 
Ist op-code Ist 
MC; | T1T2Ts Address op-code 
SET b.g 2nd op-code 
RES bg MCe2 | T1T2Ts Address 
ed 


1st op-code 1st 
TiT2Ts Address op-code 


2nd op-code 
Address 


MC; 






MCz2 | TiT2Ts 


MCs | TiTeaTs3 


3rd op-code 
TiTeT3 Address 


MCs | TiT2Ts 


SET b, (IX+ d) 
SET b, (¥+d) 
RES b, (IX+d) 
RES b, (¥+d) 


MC, 





MCe 


MC; | T1Te2Ts 
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Machine 
Cuda States ADDRESS DATA RD | WR 


1st op-code 
TiTaTs Address = ae 
2nd op-code 
TiTe2Ts Address = 
1st op-code 
TiTeTs Address ane 
— : ann 


2nd op-code 
TiTe2Ts3 Address 
ist operand 
TiTo2T3 Address 
TST g 


C to Ao~Az 
TiTe2Ts OOH to Aa~Ais | DATA 
TST (HL) 


1st op-code 
TiTeTs Address ae 
2nd op-code 
TiTeTs Address cee 
INTERRUPT 


1st op-code 
TiTeT3 Address te 
2nd op-code 
TiTaTs Address mare 
INTo MODE O 
(RST INSERTED) 


DR | HALT 








8 2 
12) 
8 
® 





1st operand 
TiT2T3 Address 
1st op-code 
TiTe2Ts Address os 
2nd op-code 
T1 ole Address op- ine 


Z 












tt 


Next op-code 
MC: | T:T2Ts Address (PC) 
ee eee 
=. Nat 
oe nee 
TiT2Tw Next op-code 
MC: | TwT3 Address (PC) og 
werfrm fe | 


DATA 






Z 
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Machine 







DATA 


° 
3 
o 


iene 


a Le pe. 

Next op-code 1st 

Address (PC) op-code 
ce 
TiT2Tw Next op-code 
TwTs Address (PC) 
ef [eo fe 
TiT2Tw Next op-code 
TwTs Address (PC) Vector 
sr es 
wes|rnats[se—1 | on 
fon fore fre 
Totats |, Vector+ 1 DATA 
Next op-code 
Address (PC) 
aca 


INTo MODE O 
(RST INSERTED) 





= 
= 






INTo MODE O 
(CALL 
INSERTED) 


INTo MODE 1 


INTo MODE 2 


INT; 
INT2 
Internal interrupts 
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00€8-68S (SIP) © 6181-SOOPE VO ‘AuUegsg © AMYd WIOd BLAIS OOOT © BZPid IYDEIIH © “*P}] ‘ovaWly 1ydeIH 


LGG 


IHOV.LIH © 









Interrupt 





Normal Operation 
(CPU mode) Acknowledge 


WAIT State | Refresh Cycle DMA Cycle at ergs SLEEP mode la 
Request ((OSTOP mode) Cycle m 


WAIT Acceptable Not acceptable | Acceptable Acceptable Not acceptable | Not acceptable | Not acceptable 


Refresh Request Refresh cycle Not acceptable | Not acceptable | Refresh cycle Refresh cycle Not acceptable | Not acceptable | Not acceptable 






















































(Request of begins at begins at begins at 
Refresh by the on-chip the end of MC the end of the end of 
Refresh Controller) MC MC 













































DMA cycle DMA cycle Acceptable Acceptable Acceptable Accentable Not acceptable | Not acceptable 










begins at the begins at the * Refresh cycle DMA cycle Refer to * After BUS 

end of MC end of MC precedes begins at the | "29 DMA RELEASE cycle, 
DMA cycle end of MC Controller’ DMA cycle 
begins at the for details begins at the 
end of one end of one 
MC MC 




















Bus ts released {| Continue Acceptable Acceptable 


at the end of at the end of BUS RELEASE 
MC MC mode. 


Not acceptable | Not acceptable | Not acceptable 
operation 


Not acceptable | Acceptable 
Interrupt 
acknowledge 
cycle precedes 
I NMI is accepted 
after executing 
the next in- 
struction 


DMA cycle 


Not acceptable ; Bus 1s released 





Bus is released Not acceptable 


at the end of 

























Accepted after Accepted after | Not acceptable Acceptable Acceptable 

















executing the executing the Retum from Return from 
current current SLEEP mode SYSTEM STOP 
instruction instruction to normal mode to normal 





operation 


Internal 
VO 
Interrupt 





Not acceptable 
























Acceptable 
Retum from 

SYSTEM STOP 
mode to normal 
operation 










stops 













NOTE) * not acceptable when DMA Request ts in level sense 
t same as the above 
MC Machine Cycle 


JGOW ONILVY3dO HOVE NISAJONVIds00V LSANDAY C2 


Z/4O081l7V9dH 
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24 REQUEST PRIORITY Type 1, Type 2, and Type 3 requests priority is shown as follows. 
The HD64180 has the following three types of requests. highest priority Type 1 > Type 2 > Type 3 lowest priority 
Type 1, Each request priority in Type 2 is shown as follows. 
To be accepted in specified state........... WAIT highest priority Bus Req. > Refresh Req, > DMA Req. lowest 
Type 2. priority 
To be accepted in each machine cycle...... Refresh Req. 
DMA Reg. (NOTE) If Bus Req. and Refresh Req. occurs simultaneously, Bus 
Bus Req. Req, is accepted but Refresh Req. is cleared. 
Type 3. Refer to ‘‘2.7 Interrupts’’ for each request priority in Type 3. 
To be accepted in each instruction......... Interrupt Req, 


25 OPERATION MODE TRANSITION 





NOTE) 


558 


“1 
*2 


°3 










\ 
BUS ~~ 









RELEASE REFRESH | 

NORMAL: CPU executes instructions normally in NORMAL mode. Other operation mode transitions 
DMA request’ DMA is requested in the folowing cases 
(1) BREGo, BREG: = 0 (memory <——> (memory mapped) I/O DMA transfer) The following operation mode transitions are also possible. 
(2) DEO = 1 (memory <——> memory DMA transfer) 1. HALT MA 
DMA end: DMA ends in the following cases. REFRESH 
(1) BREGo, BREG: = 1 (memory <——> (memory mapped) !/O DMA transfer) BUS RELEASE 
(2) BCRO, BCR1 = OOOOH {all DMA transfers) 
(3) NM = 0 (all DMA transfers) lOSTOP [ per 

REFRESH 

BUS RELEASE 





2 SLEEP  .™ BUS RELEASE 


SYSTEM STOP [—™ BUS RELEASE 
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26 STATUS SIGNALS 
The following table shows pin outputs in each operating mode. 


Op-code Fetch 
(1st op-code) 


Op-code Fetch 















(except 1st 
op-code) 
CPU 
operation Memory Read 


/O Read 
/O Write 











intemal Interrupts 


NOTE) 1 : HIGH 
O : LOW 
A __: Programmable 
Z : High Impedance 


intemal 
DMA 


c= 
a 


IN: Input 
OUT . Output 
. - Invalid 
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— 


Address 
BUS 


BUS 
ae 


OUT 


on 






— 


OUT 
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27 PIN STATUS DURING RESET AND LOW POWER OPERATION MODES 


560 


<a 
98 
_ 
— 
Tae 
i 
— 
—s 
<a 
= 
— 
os 
— 
= 
ae 


. Pin statue in each operation mode 


|__reseT | __sucep | ostop _| SySTEM STOP 


St. SaaS Renee Sean 
ee |. eR DE eee 
eee 

[cil aera Acie aero 


aid Coat 


[ee Geen coe 


RXAo 


CKAo/ODREGo CKAo 
linternal clock mode) 
CKAo 
external clock mode) 
ae eee 
eure as mode) 
ne clock mode) 


CTs; 


47 


(internal clock mode) 


(extemal clock mode) 


ata 
NTO 


ae Loe Lo 
ei Oe 
Pee 





1: HIGH 0:LOW A: Programmable __Z: High impedance 
IN (A): Input (Active) —_ IN (N). input (Not active) OUT: Output 


H. Holds the previous state 
+—: same as the left 
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28 INTERNAL I/O REGISTERS ternal I/O register addresses are relocatable within ranges from 
By programming IOA7 and JOAG6 in the I/O control register, in- 0O000H to OOFFH in the I/O address space. 


ASCi Cantrol Register A Channel 0 
CNTLAO 


Request To Send 
Transmit Enable 
Receive Enable 
Mult Processor Enable 


ASCI Control Register A Channel! 1 
CNTLA1 


Mutt: Processor Enable 


Start + 7 bit Data + 1 Stop 

Start + 7 bt Data + 2 Stop 

Start + 7 bit Data + Panty + 1 Stop 

Start + 7 bit Data + Panty + 2 Stop 

Start + 8 bit Data + 1 Stop 

Start + 8 bt Data + 2 Stop 

Start + 8 bit Data + Panty + 1 Stop 
8 bit Data + Panty + 2 Stop 


2-2-4 -0C000N 
-=~00--00-2 
-0-0~0-00 


dunng RESET 





Clear To Send/Prescale 
Mult: Processor 
Mutt Processor Bit Transmit 


« CTS * Depending on the condition of CTS Pin. 
PS _ - Cleared to O 





(to be continued) 
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REGISTER MNEMONICS | ADDRESS seo means REMARKS _ 


ASCI Control Register B Channel 1 
* CNTLB1 


during RESET 


Clock Source and 
Speed Select 
Divide Ratio 
Panty Even or Odd 
Clear To Send/Prescale 
Mult: Processor 
Mult Processor Bit Transmit 


General PS=0 PS= 1 
divide ratio (divide ratio= 10) (divide ratio= 30) 


DR=0 (X 16)| DR=1 (X 64)| DR=0 (x 16)| DR=1 (X 64) 


(X 16) 
@* 480 
+ 960 
1920 
3840 
7680 
+ 15360 


during RESET 
R/W 


Interrupt 
Enable 

Transmit Data 
Register Empty 

Data Carrier Detect 

Receive interrupt Enable 

Framing Error 
** CTSo Pin| TDRE 


Receive Data Register Full 
* DCDo : Depending on the condition of BCDo Pin. 


during RESET | 0 | 


Register Empty 
CTS1 Enable 
Receive Interrupt Enable 
Framing Error 
Parity Error 
Over Run Error 
Receive Data Register Full 





(to be continued) 
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0 6 


ASCI Transmit Data Register Channel 
O 





: TDRO 


ASCI Transmit Data Register Channel 
1 
TOR1 


ASCI Receive Data Register Channel! 
0 
TSRO 


ASCI Recewe Data Register Channel 
1 


. TSR1 


CSI/O Control Register 
‘CNTR 


Baud Rate 


@+*+ 320 
+ 640 
+1280 
Extemal 
(frequency < + 20) 
CSI/O Transmit/Recewe Data 


Register 
TROR 


Twmer Data Register Channel OL 
. TMDROL 


Timer Data Register Channel OH 
* TMDROH 


Timer Reload Register Channel OL 
* RLDROL 


Timer Reload Register Channel OH 
. RLDROH 





Timer Control Register 
. TCR 


Count Enable 1,0 
Timer Output Control 1,0 
Timer Interrupt Enable 1,0 | 
Timer interrupt Flag 1,0 


(to be continued) 
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564 


Timer Data Register Channel 1L 
. TMDR1L 


Timer Data Register Channe! 1H 
: TMDR1H 


Timer Reload Register Channel 1L 
: RLDRIL 


Timer Reload Register Channel 1H 
* RLDR1H 


Free Running Counter 
FRC 


DMA Source Address Register 
Channel! OL 
SAROL 


DMA Source Address Register 
Channel OH 
* SAROH 


DMA Source Address Register 
Channe! OB 
SAROB 


DMA Destination Address Register 
Channei OL 
: DAROL 


DMA Destination Address Register 


Channel OH 
- DAROH 


DMA Destination Address Register 
Channel 0B 
: DAROB 


DMA Byte Count Register Channel 
OL 
. BCROL 


DMA Byte Count Register Channel 
OH 
: BCROH 


OMA Memory Address Register 
Channel 1L 
: MARIL 


DMA Memory Address Register 
Channel 1H 
: MAR1H 


DMA Memory Address Register 
Channel 1B 
: MAR1B 


DMA \/O Address Register Channel 
TL 
> JARIL 


DMA V/O Address Register Channel 
1H 
IAR1H 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 


Bits O-2 are used for SAROB 
Ais, A17, Aré DMA Transfer Request 
o (extema 
RDRO (ASCi0) 
RDR1 (ASCi1) 
Not Used 


Bits O-2 are used for DAROB. 
As, A17, Ar6 DMA Transfer Request 


o (extemal) 
TDRO (ASCH) 
TDR1 (ASCI1) 
Not Used 


Bits O-2 are used for MAR1B 
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rcanren [wero] se 


OMA Byte Count Register Channel 
1L 









: BCRIL 


DMA Byte Count Register Channel! 
1H 
: BCR1H 












DMA Status Register 
: DSTAT 


DM1, 0] Destination} Address 


DARO+ 1 
DARO-— 1 01 
DARO fixed 10 
DARO fixed 11 

















SARO+ 1 
SARO— 1 

SARO fixed 
SARO fixed 


Cycle Steal Mode 
Burst Mode 







(to be continued) 
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DMA/WAIT Control Register 
. DCNTL 


The number of The number of 
wait states 5 wait states 


Address Increment/Decrement 


MAR1+ 1 IAR1 fixed 
MAR1— 1 IAR1 fixed 
IAR1 fixed MAR1+ 1 
IAR1 fixed MARi— 1 


interrupt Vector Low Register 


INT/TRAP Control Register 


Refresh Control Register 


Refresh Wait State 
Refresh Enable 


Interval of Refresh Cycle 





(to be continued) 
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MMU Common Base Register 


ce RESET 


MMU Bank Base Register 


MMU Common/Bank Area Register 
: CBAR 
during RESET 


VO Control Register 





© HITACHI 
Hitachi America, Ltd. © Hitachi Plaza © 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 (415) 589-8300 


567 





HD64180S 





NPU (Network Processing Unit) 


m@ DESCRIPTION 

The HD64180S, network processing unit (NPU), provides multipurpose 
high-speed communication control functions on a single LSI chip. The 
HD64180S offers high performance communication protocol process- 
ing, as well as user system application processing, at a low cost. 

Built-in features, such as an 8-bit CPU, 2 serial I/O channels, and a 
direct memory access controller (DMAC, support high-speed data 
transfer by reducing communications overheads. 

The HD64180S has a variety of applications. It can be used as a 
communication subsystem processor or as a controller in a distributed 
control system for industrial robots. 

In addition, the HD64180S is designed to interface with existing 
communication chips and to be compatible with existing communica- 
tion software. It can be used with virtually any kind of communication 
system. 

This manual describes HD64180S hardware. For details about pro- 
gramming instructions refer to the HD64180 Programming Manual 
(M21T038). 


m@ Overview 

The HD64180S network processing unit (NPU) contains a 2-channel 
serial interface, 8-bit CPU, 2-channel direct memory access controller 
(DMAC) with a proprietary chained-block transfer function, timers, 
etc., all integrated on a single LSI chip. The HD64180S is thus well 
suited to multiprotocol communications processing. 

The multiprotocol serial communications interface (MSCI) and the 
asynchronous serial communications interface/clocked serial I/O port 
(ASCI/CSIO) allow high speed data transfer using various communica- 
tions protocols. 

In particular, the MSCI 1s capable of handling asynchronous, byte 
synchronous, and bit synchronous communications protocols. Since the 
MSCI is connected to the on-chip DMAC, tt is possible to realize high 
speed single-address DMA transfer (chained-block transfer) in frame 
units during bit synchronous communications. Furthermore, the flexi- 
ble processing capability of the HD64180S’s CPU ensures compatibility 
with a wide range of communications protocols. 


@ FEATURES 
CPU ¢Software-Compatible with HD64180Z 
¢ 80 type bus interface 
¢ On-chip MMU (1 Mbyte physical address 
space) 
DMAC e 2 channels 


¢ DMA transfer between memory and memory, 
memory and I/O (memory-mapped I/O), and 
memory and MSCI 
e Chained-block transfer between memory and 
MSCI 
¢ Internal interrupt requests available 
Multiprotocol serial 


communications 
interface (MSCI) 


© Full duplex channel 
¢ Asynchronous, byte synchronous (mono-, bi-, 
or external synchronous), or bit synchronous 
(HDLC or loop) selectable 
¢ Transmit/receive control using modem control 
signals (RTSM, CTSM, and DCDM) 
¢ Internal Advanced Digital PLL (ADPLL) 
clock extraction 
receive data and/or receive clock noise 
suppression 
¢ On-chip baud rate generator 
¢ Internal interrupt requests available 
¢ Maximum transfer rate 7.1 Mbps (with 10 
MHz clock) 





(CP-84) 


(FP-80A) 





Asynchronous serial ¢ Full duplex channel 


communications 
interface/clocked 
serial I/O port 
(ASCI/CSIO) 


Timers 


Interrupt controller 


Memory access 
support function 


Other functions 
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e Asynchronous clocked serial mode 
(selectable) 

¢ Transmit/receive control using modem control 
signals (RTSA, CTSA, and DCDA) 

® On-chip baud rate generator 

¢ Internal interrupt requests available 


e 2 channels 

e 8-bit reloadable up-counter 

e Output waveform generator and external event 
count functions 

e Internal interrupt requests available 


e Four external interrupt lines (NMI, INTo, 
INT1, and INT2) 
e Fifteen internal interrupt sources 





Internal refresh controller 
e Internal wait state controller 
® Internal chip-select controller 


© On-chip clock oscillator circuit 
© Low power dissipation modes (sleep and 
system stop) 
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@ TYPE OF PRODUCTS 


Product Name Max. Operating Frequency 
HD64180SCP6 6.17 MHz 
HD64180SCP8 8 MHz 
HD64180SCP10 10 MHz 
HD64180SH6 6.17 MHz 
HD64180SH8 8 MHz 
HD64180SH 10 10 MHz 


@ PIN ASSIGNMENT 














= Al(8iGld aa dia 

lgigig 882226228 .lelelele $8 8 $i 
I 
WaT cht2 O 74 ve 
NMI ca13 73{—) OCDA 
WNTo cajt4 72-5 ATSA 
NT 115 71 Txom 
le = C6 7013 TxcM 
RESET co117 69 Axco 
BUSREO C118 68 RXDM 
Vor 19 67(— CTSM 
BUSACK C720 66(2 DCOM 
st coj21 65(—3 RTSM 
uR [J 22 64F 7) SYNC 
REF [23 63(J Vss 
HALT  cCoj24 62(77 D7 
RD caj25 61177 Oe 
wR 126 60{—3 Ds 
ME (—127 so o 
10E C28 5817 Ds 
Voc c—j29 57(—7) D2 
Ao 30 56[- 0» 
At C431 55) 00 
A2 C13 54 Voc 


40 34 35 36 37 38 39 40 41 42 43.44 45 46 47 48 49 50 51 52 §3 
TUUUUU TU UU Uo 
“ n @ w © ® G8 @ 


= ew HY © & @&@ FW & 


tue: 
2egsezgacdsiEsaeseca eg 


Top View 
(CP-84) 


@ HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


HD641808 


Package 


CP-84 (84-pin PLCC) 


FP-80A (80-pin QFP) 





Top View 
(FP-80A) 
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< Y”) = -~  W10 | | Ww =| S/o | Nh 

E & Blelswisleieiaes Siz is 5 |b \slelsls 

Timi Bus control Interrupt 

cE see 
MM U U 


TINo 


‘| Timers 
TING with 8-bit 
reloadable 
TOUTo up-counter 
TOUT: (2 channels) 






Address bus (20 bits) 
Data bus (8 bits) 


Address 
buffer 


__ Ao—A19 
* CS, is not output in FP-80A 


Data buffer 


Do—D7 


il 


DMAC 

with chained 
block transfer 
function 

(2 channels) 


MSCl 
(1 channel) 





ASCI/CSIO 


(1 channel) 





Figure 1. Block Diagram of the HD64180S 


© HITACHI 
570 





DREQo 
DREQ: 
TENDo 
TEND: 











SYNC 
TXDM 
RXDM 
TXCM 
RXCM 
RTSM 
DCDM 
CTSM 
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@ Applications 


© Position in Product Line 


The HD64180S's on-chip CPU (software-compatible with the HD64180Z) is capable of processing 
both communications protocols and user application programs. If the on-chip CPU is programmed for 
use mainly as a communications processor, application processing can be carried out by another CPU. 
Figure 2 illustrates this concept. 


Host CPU 


SF cc ae ae 
ee 


HD64180S yo 
On-chip CPU 
processing capability 





On-chip CPU 


Communications protocol processing 
0% 


<— 
CPU oriented to application processing CPU oriented to communications 
protocol processing 





Figure 2. Allocating CPU Processing Capability 





For example, the HD64180S's CPU can be used mainly for communications protocol processing to 
provide various communications functions for a host CPU. This is suitable in situations requiring 
high-speed data transfer and/or complicated protocol processing. In this case, a flexible interface can 
be configured with the host CPU by selecting appropriate software and I/O devices. 


On the other hand, the HD64180S's CPU can be used for application processing (i.e., when data 
transfer occurs infrequently and/or at low speeds). In this case, the MSCI, ASCI/CSIO, and DMAC in 
the HD64180S can process the communications data so as to reduce CPU overhead. 

Thus the HD64180S can be used in a wide range of applications—from small-scale configurations 
containing two or three chips to large-scale configurations containing mass memory and numerous I/O 
devices. 
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@ Examples of System Configuration 


(1) Data communications system 
Figure 3 shows a system configured with a data communications subsystem. This system can be used for 


communications between computers in a public network or in an office automation (OA) system. 


system. 


Local I/O Communication lines 


Data 


heal GINO communications 
Host CPU ry /O subsystem subsystem 


(with HD64180S) 


System bus 





Figure 3. Example Configured with a Data Communications Subsystem 


Figure 4 shows a minimum configuration example for the data communications subsystem 

shown in figure 3. In this configuration, the host CPU loads the HD64180S control program 

from main memory into the dual port RAM (DPRAM). The DPRAM has a transmit buffer, 
receive buffer, and communications data status area for interfacing between the host CPU and the 
HD64180S. Since the memory area allocated to this subsystem's communications program and 
transmit/receive buffers is relatively small, the subsystem is well suited for low-speed, simple 
communications protocols. 
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Communication lines Memory map 


1 Mbyte 
Data communications 
subsystem 
HD64180S 
1 kbyte 


Transmit buffer 
DPRAM (1 Kbyte) 


Communication control 
program and data 


Host CPU interface 





Figure 4. Example of Data Communications Subsystem 


(minimum configuration) 


Figure 5 shows an extended communications subsystem for complex protocol processing and high- 
speed data transfer. This subsystem incorporates external memory and two stages of transmit/receive 
buffers. The HD641&0S control program is loaded into external memory. This subsystem is easily 
realized because the HD64180S can directly access up to 1 Mbyte of memory using its 20-bit address 
bus. 


Communication lines 


Data communications subsystem 


HD64180S 


DPRAM (1 kbyte) 


Memory map 









1 Mbyte 







\ 


External memory 
(SRAM or DRAM) 


Communications control 
program and data 


| Communication data status 


Transmit/Receive buffer 


Communications data status 


Transmit buffer 
Receive buffer 


Figure $5. Example of Data Communications Subsystem 










External 
memory 








[2 kbyte—1 Mbyte] 





1 kbyte 


DPRAM 


Host CPU interface 


(extended configuration) 
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(2) Distributed control system 


Figure 6 shows an example in which the HD64180S is used as a distributed control device. This 
configuration can be used for controlling industrial machinery or for communicating between control 
devices of automobiles, OA systems, point-of-sales (POS) terminals, etc. 


Communications network 
for control devices 


Distributed 
Distributed Distributed with 10641808) 
control device a control device 
(with HD64180S) Distributed (with HD64180S) 

control device 
(with HD64180S) 


Data processing 


Ba as and I/O processin 
Data processing Data processing P 9 


nd I/O processin ; and I/O processin 
. P 7 Data processing P 9 


and I/O processing 





Figure 6. The HD64180S in a Distributed Control System 


Figure 7 shows the internal configuration of the distributed control devices shown in figure 6. In 

this configuration, the HD64180S is directly connected to an I/O device, and the external memory 
(EPROM and RAM) contains the HD64180S control program and application programs. This simple 
system also allows high-speed data processing by providing direct access to up to 1 Mbyte of memory 
space including the data/stack and transmit/receive buffer areas. 
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Communications network ae, 
Distributed control device 


Memory map 


External memory 
(EPROM and RAM) 


| 
HD64180S Data/Stack area 
[4 kbyte—1 Mbyte] 


Transmit/Receive buffer 
Dedicated I/O device 
Communication 
control program 


: Application processing 
Local I/O function program 





Figure 7. Internal Configuration of a Distributed Control Device Using the HD64180S 


In the two configuration examples given above, the HD64180S is used either as a part of a data 


communications subsystem or as a distributed control device. In addition, the HD64180S can be used 
with various kinds of communications equipment. 
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@ Signal Descriptions 


e Power Supply 
Pin 
Number Input/ 
Symbol CP-84 FP-80A Output Remarks 


Vcc 1,19,29, 8,41, 71 Input +5¥V power supply: All Vcc pins must be 
43, 54 connected to the +5V system power supply. 
Vss 4, 36, 24, 29,35, Input Ground: All Vss pins must be connected to the 
41, 48, 60, 74 system ground. 
63, 74 


Note: To minimize potential difference in the chip, use the shortest possible lead length to the Vcc and Vss pins. 


¢ Clock 
Pin 
Number Input/ 
Symbol CP-84 FP-80A Output Remarks 


XTAL 2 Bp Input Crystal resonator input: The input frequency must be 
double that of the ¢ clock. 
When the EXTAL pin is connected to an external 
Clock, the XTAL pin should be left floating. 


EXTAL 3 73 Input Crystal resonator or external clock input: The input 
frequency must be double that of the ¢ clock. Figures 
8 and 9 show crystal resonator and external clock 


connection diagrams, respectively. 


Dp 84 70 Output System clock: Supplies the ¢ clock to peripheral 
devices. 
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EXTAL ae? 
XTAL —" 
C 


L1 


Figure 8. Example of Crystal Resonator Connection 


| | | | | | External clock input 


Floating 





Figure 9. Example of External Clock Configuration 


e Reset Line 





Pin 
Number Input/ 
Symbol CP-84 FP-80A Output Remarks 
RESET 17 6 Input Reset: When this line is driven active low for 6 or more 


clock cycles, the HD64180S enters the reset mode and 
all functions are reset. 
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e Address Lines 
Pin 
Number Input/ 
Symbol CP-84  FP-80A Output Remarks 


Ag-Ajg 30-35, = 18-23, Output Address bus: This 20-bit address bus supports 
37-40, 25-28, (Three IMbyte of memory and a 64kbyte (16-bit address 


42, 30-34, State) width) I/O space. The address bus goes to high 
44-47, 36-40 impedance during: 
49-53 e Reset mode 


e Passing control of the bus to another device (the 
HD64180S is placed in the bus release mode when the 
BUSREQ line is asserted). 


© Data Lines 








Pin 
Number Input/ 
Symbol CP-84 FP-80A Output Remarks 
Do-D7 55-62 42-49 Input/ Data bus: The 8-bit handles bi-directional 
Output data passing (input and output of data.) 
(Three 
State) 
e Memory and I/O Interface Lines 
Pin 
Number Input/ 
Symbol CP-84  FP-80A Output Remarks 
RD 25 14 Output Read: This line is asserted during read cycles. 
(Three When this line is driven active low, the data lines are 
State) used as inputs. 
WR 26 15 Output Write: This line is asserted during write cycles. 
(Three When this line is driven active low, the data lines 
State) are used as outputs. 
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Pin 
Number Input/ 
Symbol CP-84 FP-80A Output 


ME 27 16 Output 
(Three 
State) 


IOE 28 17 Output 
(Three 
State) 


WAIT 12 1 Input 


CSo 9 79 Output 
CS1 10 80 Output 


CS2 11 — Output 


HD641808 


Remarks 


Memory enable: This line is used to indicate a 

memory read or write operation. It is asserted in the 
following cases: 

¢ Instruction fetch, operand read, and memory 
read/write instructions 

¢ Memory access during DMA cycles 

¢ Refresh cycles 


V/O enable: This line is used to indicate an I/O 
read/write operation. It is asserted in the following 
cases: 

¢ I/O read/write instructions 

¢ VO access during DMA cycles 

¢ INTo acknowledge cycles 


Wait: This line is used to extend either memory or I/O 
read/write cycles. If this line is low at the falling edge 
of a T2 state, a TW state is inserted. If the line is still 
low at the falling edge of the inserted Tw state, an 
additional Tw state is inserted. This process is 
repeated until the signal level on this line is high at the 
falling edge. 





Chip select: These lines are used to access one of the 
three physical address areas: PAL, PAM, and PAH. 
The partition of the physical address space is the same 
as that of wait controllers. 


Physical address Signal 
area accessed asserted 

1 PAL area CSo 
(lower physical address area) 

2  PAMarea CSi 
(middle physical address area) 

3 PAH area CS2 


(upper physical address area) 
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e System Control Lines 


Pin 


Number 


Symbol CP-84 


BUSREQ 18 


BUSACK 20 


HALT 24 


ST 21 


: 


13 


10 


Input/ 


FP-80A Output 


Input 


Output 


Output 


Output 


Output 


Remarks 


Bus request: This line is asserted by an external device 
to request control of the bus. When this line is driven 
active low, the internal bus master waits until the end of 
the current machine cycle, then places the address lines, 
the data lines, and some of the memory I/O interface 
lines (RD, WR, ME, and IOE) into the high impedance 
state. 


Bus acknowledge: This line is used by the internal bus 
master to notify an external device by sending a 
BUSACK signal that a BUSREQ signal has been 
received and the bus has been released. 


HALT: This line is asserted whenever a HALT or SLP 
instruction is executed. It indicates that the HD64180S 
is in the halt, sleep, or system stop mode. This line is 
also used in conjunction with the LIR and ST lines to 
indicate the status of the CPU and internal DMAC. 


Load instruction register: This line is asserted during 
opcode fetch cycles. This line can also be used to 
output the Z80 peripheral LSI interface signal. 


Status: This line is used, together with LIR and HALT, 
to indicate the internal status of the HD64180S (see 
table). 


HALT LIR’ ST _ Status 


(1) 1 oO! 860 CPU active (first byte 
of an opcode fetch) 
1 


*1 The upper value shows the LIR pin status when the LIRE bit of the operation mode control register is 1, and the lower 


value shows the LIR pin status when the LIRE bit is 0. 


@ HITACHI 


580 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HD641808 





Pin 
Number Input/ 
Symbol Cp-84 FP-80A Output Remarks 


(2) 1 o*2 CPU active (second or 
third byte of an opcode 
fetch) 


(3) X*i1 1 0 DMAC operation 


(4) 1 1 1 Normal operating mode 
(other than (1), (2), 
or (3)) 


Reset mode 


(5) 0 o*2 3860 Opcode fetch during 
halt mode (no 
instructions are 
executed) 


(6) O 1 1 Halt mode (other than 
(3) or ()) 
Sleep mode (other than 


(3)) 


System stop mode 


REF 23 12 Output Refresh: This line is asserted during the DRAM refresh 
cycle. During this cycle, the refresh address is output 
on the 12 low-order lines (Ao — A11) of the address bus. 


*1 X: Don't care 
*2 The upper value shows the LIR pin status when the LIRE bit of the operation mode control register is 1, and the lower 
value shows the LIR pin status when the LIRE bit is 0. 


¢ Interrupt Lines 





Pin 
Number Input/ 
Symbol Cp-84 FP-80A Output Remarks 
NMI 13 2 Input Non-maskable interrupt: This line is used to request a 


non-maskable interrupt. 
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Pin 


Number Input/ 
Symbol CP-84  FP-80A Output 


Remarks 


Interrupt 0: This line is used to request a level-O 
maskable interrupt. There are three different modes for 
level-O interrupts (see table). 


Mode Function 

0 Executing the instruction on the data 
bus 

1 Executing the instruction at address 
0038H 


2 Vector mode 


INTo 14 3 Input 
INT1 15 4 Input 
INT2 16 5 Input 
¢ DMA Lines 

Pin 


Number Input/ 
Symbol Cr-84 FP-80A Output 


Interrupt 1 and 2: These lines are used respectively 
to request level-1 and level-2 maskable 
interrupts (vector mode). 


Remarks 








DREQo 80 66 Input 
DREQ: 81 67 Input 
TENDo 82 68 Output 
TEND 83 69 Output 


DMA request for channel 0: This line is used to 
request a DMA transfer using internal DMAC 
channel 0. 


DMA request for channel 1: This line is used to 
request a DMA transfer using internal DMAC 
channel 1. 


Transfer end for channel 0: This line is used to indicate 
the end of a DMA transfer using internal DMAC 
channel 0. It is asserted synchronously with the read 
cycle upon the last data transfer. 


Transfer end for channel 1: This line is used to indicate 
the end of a DMA transfer using internal DMAC 
channel 1. It is asserted synchronously with the read 
cycle upon the last data transfer. 
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e Serial I/O (MSCI) Lines 


Symbol 
TXDM 


RXDM 


TXCM 


RXCM 


RTSM 


DCDM 


Pin 


Number Input/ 


CP-84 


71 


68 


70 


69 


65 


66 


FP-80A Output 


57 Output 
54 Input 
56 Input/ 
Output 
35 Input/ 
Output 
51 Output 
22 Input 


HD641808 


Remarks 


Transmit data from the MSCI: This line is used to 
output transmit data from the MSCI. 


Receive data to the MSCI: This line is used to input 
receive data to the MSCI. 


Transmit clock for the MSCI: This line is used to 
input/output the MSCI transmit clock. 
Three programmable modes: 
Input: ¢ External transmit clock 
Output: ¢ Transmit clock from the on-chip baud rate 
generator 
¢ Receive clock (used as the transmit clock) 


Receive clock for the MSCI: This line is used to 
input/output the MSCI receive clock. This line can also 
be used to input the ADPLL operating clock. 
Four programmable modes: 
Input: ¢ External receive clock 
¢ ADPLL operating clock 
Output: « Receive clock extracted by the ADPLL 
(when the on-chip baud rate generator is used 
as the ADPLL operating clock ) 
¢ Receive clock from the on-chip baud rate 





generator 


Request to send for the MSCI: Indicates that the 
HD64180S has data to be output to a communications 
device such as modem. The output level can be 
automatically controlled by MSCI operation (auto- 
enable function). This line can also be used as a 
general purpose output port. 


Data carrier detect for the MSCI: Indicates that a 
communications device such as modem is receiving 
valid data from the communications line. MSCI receive 
operation can be automatically controlled by this input 
(auto-enable function). This line can also be used as a 
general purpose input port. 
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Pin 
Number Input/ 
Symbol CP-84  FP-80A Output Remarks 
CTSM 67 53 Input Clear to send for the MSCI: Indicates that a 
communications device such as modem is ready to send 
data to the communications line. MSCI transmit 
operation can be automatically controlled by this input 
(auto-enable function). This line can also be used as a 
general purpose input port. 
SYNC 64 50 Input/ Synchronization for the MSCI: This line is used 


Output as an input in the external byte synchronous mode. 
Synchronization is established at the falling edge of 
SYNC. This line is used as an output in the byte sync 
(mono- or bi-) or HDLC mode. It indicates the inverse 
of the SYNCD/FLGD bit in MSCTI status register 1 
(MST1)*. In the asynchronous mode, this line is used 
as an input. The input value does not affect operation. 





reece 


*For details concerning MSCI status register 1 (MST1), see ““MSCI Status Register 1.” 
e Serial I/O (ASCI/CSIO) Lines 


Pin 
Number Input/ 
Symbol CP-84 FP-80A Output Remarks 
TXDA 79 65 Output Transmit data from the ASCI/CSIO: This line is used 
to output transmit data from the ASCI/CSIO. 
RXDA_ 76 62 Input Receive data to the ASCI/CSIO: This line is used to 
input receive data to the ASCI/CSIO. 
TXCA 78 64 Input/ Transmit clock for the ASCI/CSIO: This line is used 
Output to input/output the ASCI/CSIO transmit clock. 
Two programmable modes: 
Input: ¢ External transmit clock 
Output: ¢ Transmit clock from the on-chip baud rate generator 
RXCA 7/7 63 Input/ Receive clock for the ASCI/CSIO: This line is 


Output used to input/output the ASCI/CSIO receive clock. 
Two programmable modes: 
Input: ¢ External receive clock 
Output: ¢ Receive clock from the on-chip baud rate generator 
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Pin 
Number Input/ 
Symbol CP-84  FP-80A Output Remarks 


RTSA 72 58 Output Request to send for ASCI/CSIO: Indicates that the 
HD64180S has data to be output to a communications 
device such as a modem. The output level can be 
automatically controlled by the ASCI/CSIO operation 
(auto-enable function). This line can also be used as a 
general purpose output port. 


DCDA 73 59 Input Data carrier detect for ASCI/CSIO: Indicates that a 
communications device such as a modem is receiving 
valid signals from the communications line. 
ASCI/CSIO receive operation can be automatically 
controlled by this input (auto-enable function). This 
line can also be used as a general purpose input port. 


CTSA 75 61 Input Clear to send for ASCI/CSIO: Indicates that a 
communications device such as modem is ready to send 
data to the communications line. ASCI/CSIO transmit 
operation can be controlled automatically by this input 
(auto-enable function). This line can also be used as a 





general purpose input port. 
e Timer Lines 
Pin 
Number Input/ 
Symbol CP-84  FP-80A Output Remarks 
TINO 5 75 Input Timer inputs for channels 0 and 1: Event counter 
signals are input via these lines. 
TIN1 6 76 Input 
TOUTo 7 77 Output Timer outputs for channels 0 and 1: Timer signals are 
output via these lines. 
TOUT1 8 78 Output 
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@ Absolute Maximum Ratings 


Item Symbol Rating Unit 
Supply voltage Vee —Q.3 to +7.0 Vv 
Input voltage Vin —0.3 to Vec + 0.3 V 
erating temperature Topr -20 to +75 ES 
Storage temperature Tstg —55 to +150 °C 


Caution: Permanent damage to the HD64180S may result if it is subjected to conditions that 
exceed the absolute maximum ratings. To assure normal operation, the following conditions should 
be satisfied: 

Vss S$ Vin < Vec 


@ Electrical Characteristics 


e DC Characteristics (Vcc=5V + 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 


Item Symbol min typ max Unit Conditions 
Input high level voltage at V IHi Vec-0.6 = ---- Vect0.3  V 

RESET, EXTAL, and NMI 

Input high level voltage at V IH2 22 none Vect0.3 V 

lines other than RESET, 

EXTAL, and NMI 

Input low level voltage at V 1 —0.3 ---- 0.6 Vv 

RESET, EXTAL, and NMI 

Input low level voltage at V 12 0.3 ---- 0.8 V 

lines other than RESET, 

EXTAL, and NMI 

Output high level voltage Won 2.4 ~--- ---- Vv IOH = —200 pA 
at all output lines Vee—1.2  ---- ---~ IOH = —20 pA 

Output low level voltage V OL ---- ---- 0.45 V IoL= 2.2 mA 


at all output lines 


© HITACHI 
586 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 (415) 589-8300 


aL SSeS SSE sl Ss aS SSS GES 


HD641808S 





DC Characteristics (cont.) (Vcc=5V + 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 


Item Symbol min typ max Unit Conditions 
Inputleakagecurrent = Im --~ -~ JO A Vin=05to 
at all input lines other than Vcc -0.5 
XTAL and EXTAL 
Three state leakage current ITL ---- ---- 1.0 WA Vin=0.5 to 
Vcc-0.5 
Current dissipation* ---- 36 72 f = 6 MHz 
(normal operation) ---- 48 96 mA f=8 MHz 
Icc ---- 60 120 f = 10 MHz 
Current dissipation* ---- 6 12 f = 6 MHz 
(system stop mode) ---- 8 16 mA f=8 MHz 
---- 10 20 f = 10 MHz 
Pin capacitance Cp ---- ---- 20 pF Vin=OV,f=1 
MHz, Ta = 25°C 
* Input signal 


RESET, EXTAL, NMI: Vin = Voc-0-6V Virmax = 
0.6V the others: Visimn = Voc-1.0V; Virmax = 0-8V 


e AC Characteristics (Vcc=5V + 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 
Note that the specifications related to CS, pin is specified only in CP-84 package version. 

Bus Timing 

Table 3-3. Bus Timing 


HD64180SCP6 HD64180SCP8 HD64180SCP10 





Item Symbol min typ max min typ max min typ max Unit Timing 
Clock cycle time _ tcyc 162 -— 200125 -—- 200100 -— 2000 ns_ See figures 
Clock high-level tcxw 6 - - 530 -—- -—- 38 — - ns 10,N, 
pulse width 12, and 13. 
Clock low-level _tciw 65 —- - 50 - - 38 —- — ns 
pulse width 
Clock fall time tcf - - 6 - -—- 15 - = 12 ns 
Clock rise time ter - - 15 - = 15 - - 12 ns 
Address delay tap - - 90 - —- 80 - = 55 ns 
time 
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Bus Timing (cont.) 


HD64180SCP6 HD64180SCP8 HD64180SCP10 


Item Symbol min typ max min typ max min typ max Unit Timing 
Address set-up tas 2 — - [5 - - §5§ - — ns_ See figures 
time (vis-a-vis 10, ll, 
falling edge of 12, and 13. 
ME, IOE, or 

CS2—CS0) 

ME delay time 1 twp - - © - - 50 -—- -— 50 ns 

RD delay time 1 trop: - - © - - 50 - -— SO ns 

LIR delay time 1 ty: - - 8 - -~ 7 - -— 55 ns 

Address hold taH 350 - 20 - - 10 - — ns 

time (vis-a-vis 

rising edge of 

ME, IOE, RD, 

WR or 

CS2—CS0) 

ME delay time 2 twp - - @ - - 50 - - 50 ns 

RD delay time 2 trom -~- - © - - 50 - - 50 ns 

RD delay time 3 _trovs Bh > G5. ke ety OD ee. es - C55. as 

LIR delay time 2 tz -~- - 8 - - 70 - = 55 ns 

Data read set-up _ tors 40 - - 30 - - 30 - — ns 

time 

Data read hold torH 0 - - OO - - Q - — ns 

time* 

ST delaytime1  tsm - - 9 - - FW - = 60 ns 

ST delay time 2 _tstm - - 9 - - W - =- 60 ns 

WATT set-up tws 400 - - 40 - - 30 - — ns 

time 


* Defined against the first signal to go high level of ME, RD and CS2 - CSo 
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Bus Timing (cont.) 


HD64180SCP6 HD64180SCP8 HD64180SCP10 


Item Symbol min typ max min typ max min typ max Unit Timing 
WATT hold time twa 40 - - 40 - - 30 - — ns_ See figures 
Write data twoz - -—- 9 - - FW - = 60 ns _ 10, Il, 
floating delay 12, and 13. 
time 

WR delay time 1 twan: - - 6 - - 0 - - ‘SO ns 

Write datadelay  twop - - 9 - - 8 - -—- © ns 

time 

Write data set-up twos 0 %& = 0 = = 5: = — ns 

time (vis-a-vis 

falling edge of 

WR) 

WR delay time 2 twanz - - 8 - - 6 - — 55 ns 

WR pulse width twp 10. =. = DO: = = 10 — — ns 

Write data hold —twon 40 - —~ 15 - - 10 —- — ns 

time (vis-a-vis 

rising edge of 

WR) 

IOE delay time 1 _ top: Se ee ee ee ee ee ee 

IOE delay time 2 _ tone me Se OO) ee OO Ons 

IOE delay time tops 3400 - - 20 - - 20 - — ns 


3 (from falling 
edge of LIR) 


JOE delay time 4 __ trons - - 6 - - © —-—- — 55 xn 
INT set-up time tyrs 40 —- - 40 — as. Qe — ns 
(vis-a-vis 
falling edge of 
p) 
INT holdtime ttm AQ oe. ee AO eee BO ee eg 
(vis-a-vis 
falling edge of 
9) 
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Bus Timing (cont.) 


HD64180SCP6 HD64180SCP8 HD64180SCP10 


Item Symbol min typ max min typ max min typ max Unit Timing 
NMI pulse width tuaw 120. - -~ 10 - - 80 - — ns_ See figures 
BUSREQ set-up tars 0 = = OO le OO CS —- ns 10, Ul, 
time (vis-a-vis 12, and 13. 
falling edge of 

g) 

BUSREQ hold tars 400 - - 40 - - 30 - = nos 


time (vis-a-vis 


falling edge of 

g) Sa ee ee 
BUSACK delay  tnan: - - 95 - =- W - = 60 ns 
time 1 

BUSACK delay  tuanz - - 95 - - FW - = 60 ns 
time 2 


Bus floating tazp - -—- 125 - -—- 9 - = 80 ns 
delay time 

ME high-level tew: 110 -— - 90 - - 70 - — ns 
pulse width 

ME low-level teow 125 -— - 100 - -— 80 — ~ ns 
pulse width 

REF delay time 1 terp: 2 ee O00. te oe RO ee 
REF delay time 2 tren2 = e005. Ss. a 180 et = 
HALT delay ta. - — 99 - - 8 - = 
time 1 

HALT delay tHAD? = = O00 = &— 80 = = “50 ns 
time 2 

RESET set-up _ tres 12200 - —- 100 - - 8 — =- ns 
time 

RESET hold tREH s0 - —- 80 - - 8 - == ns 
time 

Oscillator = itwose ($s 3SliC SSC CO 20tCiC tC SOC CC SCs 
stabilize time 


ns 
ns 


3/3/38 


ns 
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Bus Timing (cont.) 


HD64180SCP6 HD64180SCP8 HD64180SCP10 





Item Symbol _ min typ max min typ max min typ max Unit Timing 
RESET rise time tr, - - 530 - —- 50 - -—- 50 ms_ See figures 
RESET fall time tre -~ - 50 - - 50 - - 50 ms 10, Il, 
CS delay time 1 tesp: - - © - = 55 =~ = 50 ns 12, and 13. 
CS delay time 2 tesm - -~- © - —~ 55 -—- = 50 ns 


MSCI Timing 

HD64180SCP6 HD64180SCP8 HD64180SCP10 
Item Symbol min typ max min typ max min typ max Unit Timing 
TXCM cycle time trcycm 1.4* — —- 14* - —- 14* — — tcyrc See figures 
(TXCM input) 14, 15, 
TXCMristtime tm - - 20 - - 15 - - On £677 
(TXCM input) 18, 19, 
TXCM fall time trem — - 20 - — MB - -=- 10 ns 20, 21 
(IXCM input) and 22. 
TXCM high-level trcuwm 0.55 — - Q55 —- —- 055 - —  teyc 
pulse width 
(TXCM input) 
TXCM low-level  trctwm 0.55 — —- 055 - - 055 —- —  teyc 
pulse width 
(TXCM input) 
TXDM delay time = tropim _ —- 130 - - 100 -—- — 80 ns 
(TXCM input) 
TXDM celay time — tropa - - 8 - - 6 - = 50 ns 
(XCM output) 
RXCM cycle time trcycm 1.4* — - 14* - - 14* - — tcerc 


* Jn asynchronous mode, loop mode, trcycm, tacycm = 2.5 tcyc (min). 
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MSCI Timing (cont.) (Vec=5V + 10%, Vss=0V, Ta=-20 to +75°C unless otherwise specified) 


HD64180SCP6 HD64180SCP8 HD64180SCP10 


* fro # f9 (farc is the baud rate generator output frequency; {9 is the CPU operating clock frequency). 
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Item Symbol min typ max min typ max min typ max Unit Timing 
RXCM rise time tram - - 0 - - 1§ - = 10 ns See figures 
RXCM fall time — tam - - 20 - - 15 - = 10 ns 14, 15, 
RXCM high-level mawm 055- -— O55- -— O55- = tere 16,17, 
pulse width 18, 19, 
RXCM low-level — tactwm 0.55 — - Q55 - —- Q55- — tere 20,21 
pulse width and 22. 
RXDM-RXCM esitrnsim 50. - -~ 4 - - 30 - — ns 

set-up time 

(RXCM input) 

RXCM-RXDM _strouim 40 - - 30 - - 20 - — ns 

hold time (RXCM 

input) 

RXDM-RXCM___ tepsm™ 130 - - 10 - - 80 - — ns 

set-up time 

(RXCM output) 

RXCM-RXDM teow 400 - - 30 - - 2 - — ns 

hold time (RXCM 

output) 

ADPLL operating teicym 1200. - -~ 80 - - 37. - — ns 

clock cycle time 

ADPLL operating tei - - 15 - - 10 - - 8 ns 

clock rise time 

ADPLL operating trim - - 15 - - 10 - - 8 ns 

clock fall time 

ADPLL operating tetuwm 25 - - 15 - - 10 - — ns 

clock high-level 

pulse width 

ADPLL operating tet.wM 25 — - 15 - - 10 - — ns 

Clock low-level 

pulse width 

g-BRG* output _—tscpm - - 180 - - 20 - - 95 ns 

delay time 
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MSCI Timing (cont.) (Vcc=5V + 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 


HD64180SCP6 HD64180SCP8 HD64180SCP10 


Item Symbol min typ max min typ max min typ max Unit Timing 
TXCM/RXCM_ tam a ee | ee 40 - - 30 ns See figures 
output rise time 14, 15, 
TXCM/RXCM_tacnmr - — 50 —- = 400 - - 30 ns 16, 17, 
output fall time 18, 19, 
RXCM-SYNC __ tsysu 25 - - 2% - - 25 - - tere 2024 
set-up time and 22. 
RXCM-SYNC_tsyup 2.5 = O56 2 25-4: «x tne 
hold time 
CTSM high-level tcrsawm 2.0 - 20 se 20-= = Ace 
pulse width 
CTSMlow-level tcrsuwm 20 —- -—- 20 - - 20- - teve 
pulse width 
DCDM high-level tonpwm 220 - - 20 - - 20 - -— tere 
pulse width 
DCDM low-level taxwm 20 - - 20 - - 20 - —- tere 
pulse width 
g-RTSM delay tRTSDM - - 100 - - 85 - - 70 ns 
time 
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ASCI/CSIO Timing (Vcc=5V + 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 


Item Symbol 
TXCA input trcyc 


cycle time 

TXCA input trcHw 
high-level pulse 

width 

TXCA input trcw 
low-level pulse 

width 

TXCA input rise _ trex 
time 

TXCA input fall — tree 
time 

TXDA delay trop 
time 1 

TXDA delay trop2 
time 2 

RXCA input tacyc 
cycle time 

RXCA input tRcHW 
high-level pulse 

width 

RXCA input tecLw 
low-level pulse 

width 

RXCA input rise tra 
time 

RXCA input fall _ trce 
time 


HD64180SCP6 HD64180SCP8 HD64180SCP10 


min typ max min typ max min typ max Unit Timing 


25  — 


0.55 — 


0.55 - 


15 - 


25 — 


0.55 — 


0.55 - 


- 055 - 
- 055 - 
| 
30 - - 
30 15 — 
50 - - 
= 25 = 
- 055 - 
~ 055 — 
| a 
3 - 
@ HITACHI 


20 


20 


2.5 


0.55 


0.55 


1.5 


2.5 


0.55 


0.55 


— crc See figures 
23, 24, 

— tere 25, 26, 
27, 28 
and 29. 


10 ns 


10 ns 


3.0 tcyc 


30 ns 


10 ns 


10 ns 
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ASCI/CSIO Timing (cont.) (Vcc=5V + 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 


HD64180SCP6 HD64180SCP8 HD64180SCP10 





Item Symbol min typ max min typ max min typ max Unit Timing 
RXDA set-up taps! 50. - - 4 - - 3 - — ns__ See figures 
time 1 23, 24, 
RXDA holdtime mom =i 40s | Si | S10 SO ti OC StCisCits_~Stét«éS, 26, 
1 27, 28 
RXDA set-up trps2 130 - - 10 - - 8d - — ns and 29. 
time 2 
RXDA hold time trom 40 - - 30 - - 20 - — ns 
2 
@-BRG output _teapa - - 8 - - 7 - —- @& ns 
delay time 
TXCA/RXCA tacar - - 530 - —~ 4 - — £30 ns 
output rise time 
TXCA/RXCA taaar - - 30 - = 40 - —- 30 ns 
output fall time 
CTSA high-level tcrsuw 20:45 <2 VO ea 20 = — tere 
pulse width 
CTSA low-level  tcrstw 20 - - 20- - 20 - — teye 
pulse width 
DCDA high- — maoaw 20 - - 20 - - 20 - = tere 
level pulse width 
DCDA low-level tow 20 - - 20- - 20- — tre 
pulse width 
RTSA delay tRTSD - - 10 - —- 8 - = 70 ns 
time 
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DMAC Timing (Vcc=5V + 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 


HD64180SCP6 HD64180SCP8 HD64180SCP10 


Item Symbol min typ max min typ max min typ max Unit Timing 
DREQ set-up {REGS 40 - ~ 49 - -~ 30 - — ns See figure 
time 30. 
DREQholdtime treo 40 - - 40 - - 30 - - ps 

TEND delay trep1 - - 0 - - 6 - -—- S5O ns 

time 1 

TEND delay tren2 - - WMH - =- @O - = 50 ns 

time 2 

ST delay time 1 __tsm - - © - —- FW -—- -—- 60 ns 

ST delay time 2 _ tsm - - © - —- WM - - 60 ns 


Timer Timing (Vcc=5V + 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 


HD64180SCP6 HD64180SCP8 HD64180SCP10 








Item Symbol min typ max min typ max min typ max Unit Timing 
Timer input tewr 2.0 - - 20 —- - 20 - — terc See figure 
pulse width 31. 
Timer input set- —trnsu 40 - - 40 - - 30 - — ns 
up time 
Timer input hold trpx 40 - - 4 - - 30 - — ns 
time 
Timer output trop - - 10 - - 85 - - 7 ns 
delay time 
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EXTAL Input Clock Signal Timing (Vcc=5V + 10%, Vss=OV, Ta=-20 to +75°C unless 


otherwise specified) 


HD64180SCP6 HD64180SCP8 HD64180SCP10 


Item Symbol__min typ max min typ max min typ max Unit Timing 
External clock _tecyc 81 -— 1000 62 — 1000 50 -—- 1000 ns See figure 
cycle time 32. 
External clock _—_tecnw 20 - - 15 - - 10 - — ns 
high-level pulse 

width 

External clock teaw 20 -— -— 15 - —-—- 10 — — ns _— 
low-level pulse 

width 

External clock _—_tecr - - 23 - = 6 - = 15 ns 

fall time 

External clock _teer - - 236 - - 636 - = 1S ns 

rise time 

Miscellaneous 


Rise and Fall Times of Input Signals with No Characteristics Specified 


(Vcc = 5V + 10%, Vss = OV, Ta = —20 to +75°C unless otherwise specified) 


HD64180SCP6 HD64180SCP8 HD64180SCP10 








Item Symbol min typ max min typ max min typ max Unit Timing 
Input line rise tr - - 10 - - 100 — — 100 ns __ See figure 
time (no 33. 
characteristics 
specified) 
Input line fall tr -~- - 10 - - 100 - -—- _ 100 ns 
time (no 
characteristics 
specified) 
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Bus Timing 


ie 5 


: a 
t,t 
tao 


a ie Le 
Ty x 

WAIT i 

WE | 








Do~ D> (IN) 


Do~D, (OUT) 








“1 Output buffer inactivation timing. 
*2 A low-level signal should be input to the RESET pin such that it is sampled at low level for at least six successive o 
clock falling edges. After the reset mode is entered, it may require up to 10 clock cycles before all of the output lines 


are set to their initialize conditions. See “Reset Mode,” for details. 


Figure 10. Bus Timing (1) 
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) 
tints 
ITT | 
am = 
tro. tive 


THE = 
erate 
Do~D>(IN)*' aim, aw, 
Pl 
renecna t 
RFO?Q 
wer "\ ih 
tern tern 
ters ters 
BUSRED aes a 


zx 
t 
oi 
hes 











“1 During INTo acknowledge cycle 
*2 During refresh cycle 
*3 Output buffer inactivation timing 


Figure 11. Bus Timing (2) 
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Second opcode fetch cycle Opcode fetch or interrupt 


for SLP instruction Sleep or system stop mode acknowledge cycle 


Te Ts Ts Ty Te 





Figure 12. Bus Timing (3) (sleep or system stop mode) 


¢ SMM / V/V/V VSS 





Figure 13. Bus Timing (4) 
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MSCI Timing 


(1) Transmit timing (TXCM input) 


TXCM 


TXOM 
(output) 





* Defines in the FM type codes. 


Figure 14. Transmit Timing (TXCM input) 
(2) Transmit timing (TXCM output) 
TXCM"! 


(output) 


TXDM 
(output) 


“1 For details of the TXCM waveform, see figure 13-10. 





*2 Defines in the FM type codes. 


Figure 15. Transmit Timing (TXCM output) 


(3) Receive Timing (RXCM input) 


trorm trot 


trosiM 


RXDM : 
(input) ae 





Figure 16. Receive Timing (RXCM input) 
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(4) Receive Timing (RXCM output) 


RXCM* 
(output) 


trosem trou2Mm 


RXDM 
(input) 


'*For details of the RXCA waveform, see figure 19. 


Figure 17. Receive Timing (RXCM output) 


(5) ADPLL Operating Clock ‘v'iming 


teurm terem 
teriwm 


[tae } 


Figure 18. ADPLL Operating Clock Timing 


RXCM 
(input) 





(6) Baud Rate Generator Output Timing 


TXCM/RXCM 
(output) 





Figure 19. Baud Rate Generator Output Timing (fBRG =f¢) 
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(7) SYNC Timing 


RXCM 
(input) 


SYNC 
(input) 





Figure 20. SYNC Timing 


(8) CTSM and DCDM Timing 


tersiwm 
_ en 





Figure 21. CTSM and DCDM Timing 


(9) RTSM Timing 





trrsom 





Figure 22. RTSM Timing 
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ASCI/CSIO Timing 


(1) Transmit Timing (TXCA input) 


TXCA 
(input) 





Figure 23. Transmit Timing (TXCA input) 
(2) Transmit Timing (TXCA output) 


TXCA* 
(output) 


TXDA 


* For details of the TXCA waveform, see figure 3-18. 





Figure 24. Transmit Timing (TXCA output) 


(3) Receive Timing (RXCA input) 





Figure 25. Receive Timing (RXCA input) 
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(4) Receive Timing (RXCA output) 


RXCA* 
(output) 


tros2 trone 


RXDA 


*For details of the RXCA waveform, see figure 27. 





Figure 26. Receive Timing (RXCA output) 


(5) Baud Rate Generator Timing 


TXCA/RXCA 
(output) 





Figure 27. Baud Rate Generator Timing 


(6) CTSA and DCDA Timing 





fe seaseae. 


Figure 28. CTSA and DCDA Timing 


tocoiw 





© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 605 





HD64180S 


(7) RTSA Timing 





Figure 29. RTSA Timing 
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DMAC Timing 


DMA read/rite cycle *3 


DREQo, 1 
(level sensitive 
mode) 


DREQo, ; 
(edge sensitive 
mode) 


TENDo, 1 


*1 Defines the rising edge of the clock immediately preceding Ts in single-block transfer mode (dual address type) in 
write cycle 

*2 Defines the rising edge of the clock 

*3 Defines a read cycle in single-block transfer mode (dual address type) 

*4 Defines the clock after Ts of write cycle in single-block transfer mode (dual address type) 


*5 Defines the rising edge of the clock at the beginning of a DMA cycle 





*6 Defines the rising edge of the clock at the beginning of a CPU cycle 


Note: The timing for ME, IOE, RD, WR, Do-D7, and Ao-A19 during read/write operations is the same during CPU 


operation. 





Figure 30. DMAC Timing 
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Timer Timing 


teosu || teon 





Figure 31. Timer Timing 


EXTAL Input Clock Signal Timing 





Figure 32. EXTAL Input Clock Signal Timing 
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Miscellaneous 


(1) Rise and Fall Times of Input Signals with No Characteristics Specified 





Figure 33. Rise and Fall Times of Input Signals with No Characteristics Specified 


(2) Reference Levels (when not otherwise specified) 


ca 
) § 0. 8V 0. 8V 


Input signal reference level Output signal reference level 





Figure 34. Reference Levels 


(3) Bus Timing Load (TTL load) 


Test point 





* {82074H or equivalent. 





Figure 35. Bus Timing Load 
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@ Instruction Set 
In the instruction set, the following conventions are used: 
(1) Register specification 


g, g represents a 8-bit register, while ww, xx, yy, or zz represents a pair of 8-bit registers. The 
corresponding registers are listed below. 


000 _B 00 BC 00 BC 00 BC 00 BC 
001_C 01__DE 01 DE 01 DE 01 DE 
010 D 10 HL 10x 10 SY 10__HL 
Ol1_E 11 SP 11__SP 11__ SP 11__AF 
100 _H 
101 L 
111A 


Note: ww, xx, yy, or xx plus H or L (eg, wwH, IXL) indicates the high or low order byte of a 16-bit 
register. 


(2) Bit specification. 


'D' indicates the bit number of the bit operand in a bit manipulation instruction. The 
corresponding bits are listed below. 


B 

000 
001 
010 
011 
100 
101 
110 
111 


= 
ep 


“SIA Im TR IW TY l= 1 
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(3) Condition specification 


'f' indicates the condition for executing an instruction, based on the arithmetic result. The 
corresponding conditions are listed below. 


f Condition 
000 NZ _ nonzero 
001 Z ZeTO 


010 NC _ noncarry 
011 C carry 

100 PO __ parity odd 
101__PE ___ parity even 
110 P sign plus 
111 M sign minus 


(4) Restart address 


'v' indicates the restart address of a restart instruction. The corresponding addresses are listed 
below. 





Vv Address 
000 OOH 

001 08H 

010 10H 

011 18H 

100 20H 

101 28H 

110 30H 

111 38H 

(5) Flag 


Flag changes are indicated by the following symbols: 


e; The flag is not changed by the instruction. 
X: Flag change by this instruction is undefined. 
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t: The flag is changed according to the arithmetic result of the instruction. 
S: The flag is set to 1 by the instruction. 

R: The flag is reset to 0 by the instruction. 

P: The flag is changed as a parity flag by the instruction. 

V: The flag is changed as an overflow flag by the instruction. 

(6) Others 


( )M: Indicates the memory at the address indicated in parentheses. 

( UI: Indicates the I/O at the address indicated in parentheses. 

morn: 8-bit value 

mn: 16-bit value 

I: Subscript r indicates a 8-bit register. 

R: Subscript R indicates a 16-bit register. 

b-( )M: Indicates the memory bit specified by b at the address indicated in parentheses. 
b-gr: Indicates the register bit specified by b in the register specified by gr. 

dorj: Signed 8-bit displacement 


S: Source addressing mode 

D: Destination addressing mode 
AND 

+: OR 


@: Exclusive OR 
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¢ Data Manipulation Instructions 


(1) Arithmetic and logic instructions (8bits) 


| Clg 
=m ome aaGare eee oe ea 
Sa TT |S 2 HPV N C_ 
ADD Ag 10 000 g Ar+gr-Ar 
ADD A, (HL) 10 000 110 Art (HL)y-*Ar 
ADD Am 11 000 110 Ar+m—Ar 
«(m ) 
ADD A,(IX+d) 11 O11 10) Ar+ (IX+d)y-Ar 
10 000 110 
«d>) 
ADD A, (IY +d) Ml 101 Art (I¥+d)y-*Ar 
10 000 110 
«d)> 
10 001 g Artgr+c—Ar 
10 001 110 Ar+(HL)«+e-*Ar 
11 001 110 Ar+m+c-*Ar 
«(m) 
ANC AAIX 1) 1) O11 101 
| 10 O81 110 
« d) 
ADC A, (IY +d) 11 121 101 
10 001 110 
«(d> 
| AND g 10 100 g 
AND (HL) 10 100 110 
| AND m 1) 100 110 
«(m > 
AND (IX+d) 11 O11 101 
10 100 110 
«d> 
AND (IY +d) 11 113 10) 
10 100 110 
(d>) 
Compare | CPg 10 lll g 
CP (HBL) 10 131 110 
CP m 11 11 110 
« m ) 
CP (IX+d) 1h O11 101 
10 111 110 
«(d>) 
CP (IY +d) 11 111 101 
10 111 110 
«d> 
saat foe fom | Pe 
DEC g gt-l~gr 
DEC (HL) : (HL)y- 1--(HL) a 
DEC (IX+d) 18 (IX+4)u~1~ 
(IX+4) 4 
DEC (IY +d) 1 (I¥+d)y-1— 
(IY +d)y 
INC g Og 10 gr+l~gr 
INC (HL) 00 110 100 10 (HL)u+ 1 (HL) 
INC (IX+d) 41 031 101 $/D 18 (IX+d) y+1— 
00 110 100 (IX+d)y 
«(d) 
INC (IY +d) il 11) 101 $/D | (I¥+d)ytl—~ 
00 110 100 (IY¥+d)y 
«d>) 
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oo 






o 


| 











Act (iIXtdate Ar 


Ar+ (IY +d)y+e-Ar 





o i] ~~ Be —] 












Ar-gr-Ar 
Ar- (HL) wu Ar 
Ar-m-*Ar 


Ar: (IX+d),-*Ar 


Ar: (IY +d) qAr 


o o yuoo 





o 


Ar—gr 
Ar-(HL)y 
Ar-m 


oo 


o 


Ar- (IX+d)y 


o 


Ar- (IY +d), 


QoQ 
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IMMED| EXT | IND | REG | REGI| IMP | REL | Z 
MULT MLT ww 11 101 101 S/D 7 
01 ww! 100 
NEGATE 1 11 101 102 S/D 0-Ar-Ar 1 J 
01 000 100 
D 4 I J 


OR g 10 110 g Ar+gr--Ar 
OR (HL) 10 110 110 D 6 Ar+(HL),~Ar a | 
OR m 11 110 110 D 6 Ar+m-—Ar | 
« m) 
OR (IX+d) 11 012 101 D 14 Art (IX+d)yAr 
10 110 110 
(d> 
OR (IY +d) 11 111 101 D 4 Art(IY+d)yAr 
10 110 110 
«(d»> 


SUBC 










ea ye 


Operation 7 6 4 2 1 «0 
S H P/V N C 
1 Vv § 



























































& 


Ar~gr-Ar 
Ar~(HL),y-Ar 
Ar-m-~Ar 








SUB g 
SUB (HL) 
SUB m . 


10 010 g 
10 010 110 
11 010 110 
«cm > 

1] 011 101 
10 010 110 
(d> 

11 111 10) 
10 010 110 
( d> 


10 O11 g 
10 011 110 
11 011 110 
« m >) 
11 011 101 
10 011 110 
«d>) 
11 111 101 
10 011 110 
(d> 


rn 






nn 

















SUB (IX +d) Ar- (IX+d),~Ar 









Ar- (IY +d) wo Ar 







SUB (IY +d) 


14 
14 


oO o ouOoO Yo 










Ar-gr—c~>Ar 
Ar— (HL) y~ceAr 
Ar-m-—c~Ar 








SBC Ag 
SBC A,(HL) 
SBC Am 


















SBC A,(IX+d) Ar~(IX+d)y-c-Ar 











Ar~ (IY +d) y~c-*Ar 








SBC A,{IY +d) 


oO o oU Uv 









TST g 11 101 101 Ar-gr 
Og 100 

TST (HL) 11 101 101 Ar: (HL), 
00 110 100 

TST m 11 101 101 Ar-m 









01 100 100 
« m >) 


10 101 g 


10 101 110 
1] 101 110 











Arcyr-Ar 
Ar®(HL),y-Ar 
Ar@®m~Ar 







XOR g 
XOR (HL) 
XOR m 





















¢m > 

XOR (IX +d) 11 011 101 Ar@(IX +d) yAr 
10 101 110 
(d) 

XOR (IY +d) 11 111 101 Ar@(1Y +d) yAr 
10 101 110 


Fs 
o o oO 0 


( d > 
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(2) Rotate/shift instructions 


ical IMMED| EXT | IND | REG | REGI| IMP | REL | 

Rotate RLA 00 010 111 s/D l 3 
and RLg 11 001 O11 

Shift 00 010 g 
Data RL (HL) li 008 011 
00 010 110 
RL (IX+d) 11 011 101 
11 001 O11 

(dad) 
00 010 110 
ll 121 101 
41 001 O11 

{( d > 
00 010 110 
00 000 111 
11 001 O11 

W 000 g 
11 001 011 
00 000 110 
RLC (1X +d) 11 011 101 
It 001 O11 

« d > 
00 000 110 
1) 111 101 
11 001 011 

«( d> 
00 000 110 
Ji 101 101 
01 101 Wil 
00 O11 111 
RR g 11 001 O11 

00 Oll g 
RR (HL) 11 001 011 
00 O11 110 
RR (IX +d) il O11 10) 
1) 001 01] 

« d > 
00 011 110 
RR (IY +d) 11 211 101 
1] 001 O11 

« d> 
00 011 110 
RRCA 00 001 111 
RRC g 11 001 O11 

0 001 g 
RRC (HL) 11 001 011 
00 001 110 
RRC (IX +d) 11 011 101 
11 001 O11 

«(d>) 
00 001 110 
RRC (IY +d) 11 111 101 
11 001 011 

(d) 
00 001 110 





is] 
~ 


S/D 1 


S/D 2 16 


S/D 


n= 
~ 





s/D 1 3 


4 19 





(Continued) 
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ee 


11 101 101 S/D 
01 100 111 
SLA g 11 001 011 
00 100 g 
SLA (HL) 1 001 011 
1d 110 
SLA (IX +d) 1) 011 20) $/D 
11 001 011 
« d> 
00 100 110 
SLA (IY +d) 11 itt 101 S/D 
001 011 
«d> 
00 100 110 
SRA g 11 001 011 
00 101 g 
SRA (HL) 11 001 011 
00 101 110 
SRA (IX +d) 11 011 101 S/D 
11 001 011 
(d> 
00 101 110 
SRA (IY +d) 1111] 101 S/D 
11 001 011 
« d >) 
00 101 110 
SRL g 11 003 011 
00 lll g 
SRL (HL) 11 00) 011 
00 122 110 
SRL (IX +d) 11 011 10! S/D 
11 001 011 
«(d> 
00 111 110 
SRL (IY +d) 11 111 101 $/D 
11 001 011 
(d) 
00 111 110 
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(3) Bit manipulation instructions 


| Flag 
eo OP code ee States Operation |7 6 4 2 1 0] 
aaa W Ra st WR NC 


11 001 O11 l~b-gr 
lib g 

SET b,(HL) 11 001 011 1~b> (HL) 
hb 110 

SET b,(IX+d) 11 O11 101 1b: (IX+d)u 
1h 001 O11 
cd) 
lib 110 

SET b, (IY +d) Ii 11) 101 1b: (IY +4) ms 
11 001 O11 
cd)? 
lib 110 

Bit Reset | RES bg 11 001 O11 0b: gr 

1b g 

RES b,(HL) 11 001 O11 
10b 110 

RES b,(IX+d) 11 O11 101 
11 001 012 
cd) 
10b 10 

RES b,(IY +d) 1 M1 101 
11 001 O11 
Cd) 
10b 110 

Bit Test | BIT bg 11 001 01 begr—z 

Mlb g 

BIT b,(HL) 11 001 011 b: (HL) uz 
Olb 110 

BIT b,(IX+d) 11 011 101 be (IX+d) 2 
1) 001 O11 
Cd)? 
1b 110 

BIT b,(IY+d) 11 111 101 b: (IY +d) az 
1i 001 O11 
Cd) 
Olb 110 










O-b: (HL) 


0--b: (IX+d)n 


Ob: (IY +d) 


- 





© HITACHI 
Hitachi America, Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 617 


—- me 





HD641808S 





(4) Arithmetic instructions (16 bits) 


name 


HL, +ww.7HL, 


11 011 101 [Xgtxxq7 1X, 
00 xx! 001 
11 111 101 


ADC ADC HLww 11 101 101 
01 ww1 010 
DEC 


DEC ww 00 ww! 011 ww, l~ww, 
DEC IX 11 O11 101 IX,—1-*IX, 
00 101 011 
DEC IY 11 111 101 IY,-1-1Y, 
00 101 011 
INC 0 ww0 011 wWat l—wwa 
1) 011 101 . y IXy+1-IX, 
00 100 011 
00 100 011 


SBC SBC HL,ww 11 101 101 5 HLy- wwe- CHL, Pt oe Sed 
01 ww0 010 
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e Data Transfer Instructions 


(1) 8-bit transfer instructions 


as 
MNEMONICS | OP code paresing Bytes Operation ey 2 1 0 
IMMED| EXT | IND | REG | REGI| IMP | REL | ; Z ; rs Zz HPV NC 





Load LD All 11 101 101 
8-bit Data 01 010 111 
LDAR It 101 101 
O1 O11 112 
LD A,(BC) 00 001 010 (BC) ,-*Ar 
LD A,(DE) 00 O11 010 (DE),-*Ar 
LD A,(mn) 00 111 010 (mn) «Ar 
qm » 
«m ) 
LDILA 11 101 10) Ar—lr 
O1 000 111 
LDRA 11 101 101 Ar-Rr 
O1 001 111 
LD (BC),A 00 000 010 Ar—(BC) 
LD (DE),A 00 010 010 Ar-(DE)y 
LD (mn),A 00 110 010 Ar->(mn), 
«n> 
« m > 
LD gg’ lg ¢ gr gr 
LD g,(HL) Olg 110 (HL) wgr 
LD gm Og 110 S m~gr 
« m) 
LD g,(IX+d) 11 011 101 (IX+d)x~gr 
Olg 110 
«d> 
LD g, (IY +d) 11 11) 101 (I¥ +d) agr 
Og 110 
« d) 
LD (HL),m 00 110 110 S m->(HL)y 
« m > 
LD (IX+d),m 11 O11 101 S m-~(IX+d)x 
00 110 110 
« d) 
cm ) 
LD (IY +d),m Mt 121 101 S m-> (IY +d) 
00 110 110 
(d>) 
«cm > 
LD (HL),g 01 110 g gr (HL). 
LD (IX+d).g 1i 011 101 gr (IX+d)y 
01 110 g 
« d) 
LD (IY+d).g 111 101 gt (IY +d)y 
01 110 g 
«( d> 





*1 No interrupts are sampled at the end of LD A,I or LD A,R instruction. 
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(2) 16-bit transfer instructions 


IED EAT [IND BEG BEG) Me 


Load mn 00 ww0 001 
16-bit Data «n ) 
« m >) 
11 011 101 
00 100 001 
« nm) 
« m > 
11 111 101 
00 100 001 
« na > 
« m > 
LD SPTIL 1} dt 00) $ Wl, SPs 
LD SP,IX 1] O11 101 IXu~SPe 
1 111 001 
LD SP,IY 11 111 101 IY,~*SP, 
11 111 001 
LD ww, (mn) 11 101 101 (mn+1)y-~wwHr 
01 wwl 011 (mn) y-*wwLr 
« n > 


«( m > 
LD HL, (mn) 00 101 010 } (mnt lyr 


cn) (mn) y-Lr 
«( m > 
LD IX,(mn) 11 O11 101 (mnt Hy IXHr 
00 101 010 (mn). IXLr 
CR ) 
«( m > 
1) 111 101 (mn+1)x~lYHr 
M 101 010 (mn) y~TYLr 
cn) 
qc m ) 
LD (mn),ww 1) 101 101 wwHr-+(mn+1)« 
Ol ww0 011 wwLr~ (mn) » 
« nm) 
«Mm ) 
LD (mn) ,HL 00 100 010 Hr->(mn+1)x 
cn) Lr (mn) « 
« m >) 
LD (mn),IX 1] O11 101 IXHr>(mnt+1)y 
00 100 010 IXLr- (mn), 
« n >) 
«(m) 
LD (mn),IY 11 111 101 IYHr-(mn+1) x 
00 100 010 IYLr-~ (mn). 
« n> 
« m ) 
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(3) Block transfer instructions 


leas MNEMONICS | OP code Addressing 
IiMMED| EXT | IND | REG | REGI| IMP | REL | 


Ar- (HL) 
BC, -1-BC, 
HL,.-1-HL, 
BC, #0 Ar#(HL), 
BC,=0 or Ar=(HL)x 
Ar—(HL )y 
Q | BC,-1-BC, 
HL,—1-HL, 
Repeat Q until 
Ar= (HL). or BC,=0 
Ar-(HL)y 
BC, -1-BC, 
HL, +1-HL, 
BC, +0 Ar# (HL), 
BC, =0 or Ar= (HL), 
Ar-(HL )y 
Q} BC,-1-BC, 
Wha tio, 
Repeat Q until 
Ar= (HL), or BC,=0 
(HL) 4 (DE) y 
BC, -1—>BC, 
DE, - 1-DE, 
HLa-1-HL, 
14 (BC, #0) (HL) (DE) x 
12 (BC,=0) BC,—-1—BC, 
Q DE. -1-~DE, 
HL,-1-HL, 
Repeat Q until 
BC, =0 
(HL) y->(DE) 
BC,—-1-BC, 
DEg+1~DE, 
HL,+1-HL, 
14 (BC, #0) (HL), (DE), 
12 (BC, =0) BC,-1-BC, 
Q DE, +1-+DE, 
HL, +1-HLy 
Repeat Q until 
BC,=0 
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Block 

Transfer 11 101 101 

Search 10 101 001 

Data 
11 101 101 
10 111 001 
11 101 101 
10 100 001 
11 101 101 
10 110 001 
11 101 101 
10 101 000 
11 101 101 
10 111 000 
11 101 101 
10 100 000 
14 101 101 
10 110 000 


*2 PV=0 : BCO,-1=0 
P/V=1 : BO,-1#0 

*3 Z=1: Ar=(HL)y 
Z=0 : Ar# (HL), 
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(4) Stack/exchange instructions 


PUSH PUSH zz 1] zz0 101 zzLr—(SP—2)y 
zzHr-(SP—1)y 

SP,—2--SP, 
PUSH IX 11 011 101 IXLr—-(SP—2)y 
1i 100 101 IXHr-(SP-1)y 

SPy—2--SPy 
PUSH IY 1) 1 101 y IYLr-+(SP~2)y 
11 100 101 IYHr~(SP—1)y 

SP, -2--SP r) 
11 zz0 001 (SP-+1)y~zzHr 

(SP) y-*zzLr 

SP, + 2~SP, 
1) 011 101 (SP+1)y~IXHr 

11 100 001 (SP) y-IXLr 

SP, +2-SP, 
M121 101 (SP+1)y~lYHr 

11 100 001 (SP) 4 1YLr 

SP, +2~SP, 


Exchange | EX AF,AF’ 00 WI OW) 4 AFy~ AF, 
EX DE,HL 11 101 011 3 DE.~ HL, 
EXX 1) 011 001 BC, BC,’ 
DE, DEs’ 
Wage HL’ 
EX (SP),HL 1) 100 O11 Hr~(SP+l)y 
Lre (SP) 
EX (SP),IX 11 011 101 IXHr~(SP+1)u 
1) 100 011 IXLr~(SP)y 
EX (SP),IY M1 111 101 IYHr~ (SP+1) 
11 100 011 IYLr- (SP) y 


*4 POP AF writes the stack contents to the flag. 
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e Program Control Instructions 


fAaeessng ee 
MNEMONICS | OP code e Bytes | States Operation 1 (7 6 4 2 1 «0] 
iMMED| EXT | IND | REG | REGI| IMP | REL | f ee |S ZH PVN C| 






































Operation 
name 






















































Call li 001 101 PCHr--(SP—1)y 
«nm ) PCLr-+(SP—2) y 
cm ) mn—PC, 

SP,—2—SP, 
CALL f,mn lf 100 6 (f false) } continue f 1s false 
«( n ) 16 (f true); CALL mn f 1s true 
«cm » 
Jump 9 (Br+0) | Br-1—Br 
7 (Br=0) | continue ‘ Br=0 
PC, +j-PC, Br*0 
lif 010 mn-~PC, fis true 
cn) continue { is false 
«cm >) 
11 000 011 mn-PCp 
« nm > 
«cm ) 
1) 10) 001 l HL,—~PC, 
11 O11 101 IX,->PC, 
1} 101 001 
11 1di 101 IY,—PC, 
1i 101 001 
00 011 000 PC, +) PC, 
(jp2) 
00 111 000 2 6 continue . C=0 
(4-2) 2 8 PCa+j->PC, C=) 
00 110 000 2 6 continue C=} 
<2) 2 8 PC,+j-PC, C=0 
00 101 000 2 6 continue Z=0 
¢j-2 2 8 PC,t+j>PC, Z=1 
00 100 000 2 6 continue . Z=1 
<j-2) 2 8 PO, +j>PC, Z=0 
Return 11 001 001 9 (SP) w>PCLr 

















(SP+ 1)wPCHr 
SP, +2—-SP, 
continue * f 1s false 
RET fs true 









5 (f false) 
10 (f true) 


RET f 









11 101 101 22 (SP) 4PCLr 

01 001 101 (SP+1)uPCHr 
SP, +2—SP, 

11 101 101 (SP) 4 PCLr 

01 000 101 (SP+1)4--PCHr 
SP, +2—SP, 


PCHr-(SP~ 1) 
PCLr— (SP - 2) 
0--PCHr 
v—>PCLr 

SP, 2-°SP, 


— 
_— 


- 7 
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e I/O Instructions 


MNEMONICS | OP code pAairessing | 
name 


IN A,(m) 11 O11 011 (Am), ~Ar 
«(m > m~A,~A, 
Ar-A,~Ais 
IN g,(C) 11 101 101 ‘ (BC), ~gr 
g=110: Only the 


INO g,(m) 11 101 101 
Og 000 g=110 Only the 
cm) flags will 





11 101 101 (BC),--(HL) 

10 101 010 HL,~1~HL, 
Br-1--Br 
Cr-A,~A, 
Br-+A,~ Ais 

11 101 101 14(Br#0) (BC),--(HL), 

10 111 010 12(Br=0) | Q| HL,~1-HL, 

Br-1--Br 

Repeat Q until 
Br=0 
Cr-A,~A, 
Br--A,~Ais 

11 101 101 (BC) ,--(HL) 4 

10 100 010 HL,+1-HL, 
Br-1-Br 
Cr>A,~A, 
Br--A,~Ais 

11 101 101 14(Br#0) | (BC), (HL) 

10 110 010 12(Br=0) | Q) HL,+1-HL, 

Br-1~Br 
Repeat Q until 
Br=0 
Cr--A,~A; 
Br--A,~ Ais 
“5 Z=1:: Br-1=0 ; 
Z=-0: Br-l# 0 (Continued) 
*6 N=1 : MSB of Data=1 
N=0 : MSB of Data=0 
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Overati pressing | ee 
ae ton | MNEMONICS | OP code . Bytes | States Operation 7 6 4 2 «1 «OF 
a a [| [70 See 


OUTPUT | OUT (m).A 11 010 011 Ar->(Am), GR Te eng 
« m >) m-~-Ay~A, 
Ar-Ay~Ajs 
OUT (C).g 11 301 101 gr->(BC), a ee a: 
Og 01 Cr-A,~A; 
Br-As~Ais 
OUTO (m).g 11 101 101 gr (00m), ie ee er ae 
Og 1 m->Ay~A, 
«m ) W0-A,~Ay 67 #8 
OTDM ll 101 101 (HL) (00C), is a ees as 
10 001 011 HL,~1-HL, 
Cr-1~Cr 
Br-1—Br 
Cr-A,~A; 
00-A.~A\; *8 
11 101 101 16(Br#0) (HL) w->(00C), S R S J! R 
10 O11 O11 14(Br=0) HL,-1-HL 
Q Cr-1-+Cr 
Br-1~Br 
Repeat Q until 
Br=0 
Cr-A,~A, 
00 A,~ Ais #8 
11 101 10! 14(Br#0) (HL) (BC), S X X 1 X 
10 111 O11 12(Br=0) | Q| HL,-1- HL, 
Br-1-~Br 
Repeat Q until 
Br=0 
CrAy~A; 
BrAy~ Ais *7 #8 
1) 101 101 (HL). (BC), l XK Bok 
10 100 011 HL,+1-HL, 
Br-1—Br 
Cr~A,~A, 
Br--Ag~ Ais #8 
11 101 101 14 (HL) ,->(BC), §S X X 1 xX 
10 110 011 12(Br=0) | Q| HLat+1-HL, 
Br-1—Br 
Repeat Q until 
Br=0 
Cr-A,~A, 
Br-Ay~ Ais 
TSTIO m 11 101 101 (00C), +m 1 $ P R R 
01 110 100 Cr-A.~A; 
«m ) Q0-A,~Ais “7 #8 
11 101 101 (HL) «> (00C), ae ae coe ee | 
10 000 011 HL, +1~HLy 
Cr+1-Cr 
Br-1-Br 
Cr--A,p~A, 
OO-Ar~Ajs 7) 
11 101 101 16(Br#0) (HL) y= (00C), S RK S 1! R 
10 010 O11 14(Br=0) HL, +1-HL, 
Q Cr+1-Cr 
Br-1-Br 
Repeat Q until 
Br=0 
CroAe~A, 
WW-A,~ Ais +7 +s 
11 101 101 (HL) (BC), 1! X X Jt X 
10 101 011 HL, -1-HL, 
Br-1~Br 
Cr--A.~A; 
Br--Ay~ Ais 


: Br-1=0 
: Br-1+#0 
: MSB of Data = 1 
: MSB of Data = 0 








* ta 

foe] ~) 
ZZANN 

iH 
Ooror 


i 


tt 
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e Special Control Instructions 
name 


ue a TLE ‘ 
00 111 111 
00 110 111 






Special 
Function 












Carry 
Control 


DI 1i 110 011 
ee | El 11 Vt O11 
| HALT 01 110 110 
IM 0 11 101 101 
01 000 110 

11 101 101 

Ol 010 110 

1i 101 101 

01 O11 110 

NOP 00 000 000 
SLP 11 101 101 
01 110 110 


*9 No interrupts are sampled at the end of a DI or EI instruction. 





O~IEF,, 0-IEF, 
1~IEF,, 1~IEF, 
CPU halted 
Interrupt 

mode 0 

Interrupt 

mode 1 

Interrupt 

mode 2 

No operation 
Sleep 
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@ Alphabetical List of Instructions 


MNEMONICS 


ADC A, m 
ADC A, g 
ADC A, (HL) 


ADC A, (IX +d) 
ADC A, (TY +d) 


ADD A, m 
ADD A, g 
ADD A, (HL) 


ADD A, (IX +d) 
ADD A, (TY +d) 


ADC HL, ww 
ADD HL, ww 
ADD IX, xx 
ADD IY, yy 
AND m 

AND g 

AND (HL) 
AND (IX+d) 
AND (IY +d) 
BIT b, (HL) 
BIT b, (IX +d) 
BIT b, (TY +d) 
BIT b, g 
CALL f, mn 


CALL mn 
CCF 

CPD 
CPDR 


CP(HL) 
CPI 
CPIR 


bo 


1 
] 
3 
3 
2 
1 
1 
3 
3 
2 
1 
2 
2 
Z 
] 
1 
3 
3 
2 
4 
4 
2 
3 


NO 


wo wo TF HTH WwW MDB nNnnnnn Tt DDD NY WH YH MD SCF LY 
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(If condition is false) 


16 


(If condition is true) 


16 

3 
12 
14 


(If BC, #0 and Ar# (HL) w) 


12 


(If BCy=0 or Ar= (HL) s) 


6 
12 
14 


(If BC, #0 and Ar#(HL).«) 


(Continued) 
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MNEMONICS Machine Cycles States 


CPIR 2 12 

(If BC,=0 or Ar=(HL)») 
14 
14 





CP (IX +d) 
CP (IY +d) 
CPL 

CP m 

CP g 

DAA 

DEC (HL) 
DEC IX 
DEC IY 
DEC (IX +d) 
DEC (IY +d) 
DEC g 

DEC ww 

DI 

DJNZ j Y(If Br#0) 
7(1f Br=0) 
3 

4 

3 

16 

19 


EI 

EX AF, AF’ 
EX DE, HL 
EX (SP), HL 
EX (SP), IX 
EX (SP), IY 
EXX 

HALT: 

IM 0 

IM 1 

IM 2 

INC g 

INC (HL) 
INC (IX+d) 
INC (IY +d) 
INC ww 

INC IX 

INC IY 

IN A, (m) 

IN g, (C) 

INI 

INIR 


6 
6 
] 
2 
2 
2 
4 
3 
3 
8 
8 
2 
2 
] 
o 
3 
1 
2 
1 
6 
7 
q 
1 
1 
2 
2 
2 
2 
4 
8 
8 
2 
3 
3 
3 
3 
4 


BS PO 8 DH FO HR &H OOO BOO NOOR Ot BO ON ONS OD OC 


Mf Be 70) 
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am, 
we 
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MNEMONICS Machine Cycles 



















INIR 12(1f Br=0) 

IND 12 

INDR 14(If Br+0) 
12(1f Br=0) 











12 

6 

(If f is false) 
9 

(If f is true) 


INO g, (m) 
JP f, mn 











JP (HL) 
JP (IX) 
JP (TY) 
JP mn 
JR j 
IRG, j 














(If condition is false) 

8 

(If condition is true) 
6 

(If condition is false) 
8 

(If condition is true) 

6 

(If condition is false) 
8 

(If condition is true) 

6 

(If condition is false) 

8 


(If condition is true) 









































LD A, (BC) 6 
LD A, (DE) 6 
LD A, I 6 
LD A, (mn) 12 
LDA, R 6 
LD (BC), A (| 









LDD 
LD (DE), A 


LD ww, mn 










~ WY SK MH RH KTH WC WH FH 
So we W & CH FO & DO BDO 0S 





LD ww, (mn) 


(Continued) 
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M NEMON ICS Bytes Machine Cycles 





LDDR 2 6 14 (If BCp+*0) 
2 4 12 (If BC,=0) 

LD (HL), m 2 3 9 

LD HL, (mn) 3 5 15 

LD (HL), g 1 3 7 

LDI 2 4 12 

LDI, A 2 2 6 

LDIR 2 6 14 (If BCr+#0) 
2 4 12(If BC,=0) 

LD IX, mn 4 4 12 

LD IX, (mn) 4 6 18 

LD (IX+d), m 4 ) 15 

LD (IX+d), g 3 i 15 

LD TY, mn 4 4 12 

LD TY, (mn) A 6 18 

LD (I1Y+d), m 4 ) 15 

LD (IY+d), g 3 7 15 

LD (mn), A 3 5 13 

LD (mn), 4 7 19 

LD (mn), 3 6 16 

LD (mn), 4 7 19 

LD (mn), 4 7 

LDR, A 2 2 

LD g, (HL) 1 2 

LD g, (IX +d) 3 6 

LD g, (IY +d) 3 6 

LD g, m 2 2 

LD g, g’ 1 Z 

LD SP, HL 1 2 

LD SP, IX 2 3 

LD SP, IY 2 3 

MLT ww 2 13 

NEG 2 Z 

NOP 1 l 

OR (HL) 1 2 

OR (IX +d) 3 6 

OR (IY +d) 3 6 

OR m 2 2 

OR g l : 

OTDM 2 6 
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MNEMONICS Machine Cycles 
2 


OTDMR 16(If B, #0) 
































foe) 





2 6 14(If B,=0) 
OTDR 2 6 14(If B, +0) 
2 4 12(If B, =0) 
OTIM 2 6 14 
OTIMR 2 8 16(If B, +0) 
2 6 14(If B,=0) 
OTIR 2 6 14 (If B, #0) 
2 4 12 (If B,=0) 
OUTD 2 4 12 
OUTI 2 4 12 
OUT (m), A 2 4 10 
OUT (C), g 2 4 10 
OUT0 (m), g 3 9 13 
POP IX Z 4 12 
POP IY 2 4 12 
POP zz 1 3 9 
PUSH IX 2 6 14 
PUSH IY 2 6 14 
PUSH zz 1 5 11 
RES b, (HL) 2 5 13 
RES b, (IX+d) 4 7 19 
RES b, (TY +d) 4 7 19 
RES b, g ” 3 7 
RET 1 3 9 
RET f 1 3 ) 
(If condition is false) 
1 4 10 
(If condition is true) 
RETI 2 10 
RETN 2 4 
RLA 1 1 
RLCA 1 1 
RLC (HL) 2 5 
RLC (IX+d) 4 7 
RLC (IY +d) 4 7 
RLC g Z 3 
RLD 2 8 
RL (HL) 2 3 
© HITACHI (Connued) 


Hitachi America, Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 631 








HD641808 





632 


MNEMONICS 


RL (IX +d) 
RL (IY +d) 
RL g 

RRA 

RRCA 

RRC (HL) 
RRC (IX+d) 
RRC (IY +d) 
RRC g 

RRD 

RR (HL) 

RR (IX +d) 
RR (IY +d) 
RR g 

RST v 

SBC A, (HL) 
SBC A, (IX+d) 
SBC A, (IY+d) 
SBC A, m 
SBC A, g 

SBC HL, ww 
SCF 

SET b, (HL) 
SET b, (IX+d) 
SET b, (IY +d) 
SET b, g 

SLA (HL) 

SLA (IX +d) 
SLA (IY +d) 
SLA g 

SLP 

SRA (LIL) 

SRA (IX +d) 
SRA (IY +d) 
SRA g 

SRL (HL) 

SRL (IX +d) 
SRL (IY +d) 
SRL g 

SUB (HL) 


nN 


MH pw ® —&—& OH YH BH B&B WN YO HD F& HP Hw KH HB FM KF HY HF HY WW WHY FS DY fF FY DY HY F&F FN YF KF LY 


7 


ro wo NN ow NN OK Dns nnnrnn4»peewnnra vn on wWwonn Ore FF WON 


i 


mo wo nN No won ~ 
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19 
19 
7 
3 
3 
13 
19 
19 
7 
16 
13 
19 
19 
7 
11 
6 
14 
14 
6 
4 
10 
3 
13 
19 
19 
7 
13 
19 
19 
7 
8 
i) 
19 
19 
7 
13 
19 
19 
7 
6 


(Continued) 


Hitachi America, Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 (415) 589-8300 





HD641808 


MNEMONICS Machine Cycle 


SUB (IX +d) 6 14 
SUB (IY +d) 
SUB m 

SUB g 
TSTIO m 
TST g 

TST m 

TST (HL) 
XOR (HL) 
XOR (IX +d) 
XOR (IY +d) 
XOR m 

XOR g 









ee 




















m— DP DW WD — DH CR DT CH FH DH CH 
yo NY Dm HD BS F&F DH C & DT LT MN 
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M@ Opcode Maps 

Table 1. Opcode Map (1) 
First opcode 

Instruction format: XX 


634 


—J = 
) 
9\5 _ 


nn 
I 


=0~7) 





Se wa 


eB =e) > |= 
A bt |- 
lee 


x 
ow 
ae il 
x e\5|_ | s|2 I 
Li z|O 38) = 
& N = 
b E r 
= 1 | ig) | ie Jig) lol 
a 2 3|2 
a” 
a. 
) 
i? 2) 
S 
< 
<{ 
% 
<{ 
© 
CQ 
< 


ee = t 
2) z|7|3/5]9 : > Le 
ce SI Lob. a ns te — 
Nice = = 
Z ELE 2/5 Tal slel lle = 
e139 ° acd od 0 
= wd EL —T 2{Q/O 
Lots) 
9 : > Z|Wiole 
Balt [Zlolo} as x |Q/ 8 w= Olle} — | 
ol-i> Flwlolz|S/O 2 oc 
: a (a <\— | 
: zap : {Leer 
; O 


= 
oS 


pe 
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*1 gis replaced by (HL). 

*2 sis replaced by (HL). 

*3 If DD is added to the beginning of an opcode (DD XX), only the instructions having HL, (HL) as an operand are 
replaced with 


HL > IX 
(HL) — (X+d) 


to perform the same operation. 
(Example) 
one LD (mn), HL 


DDH 22H; LD (mn), IX 


If FD is added to the beginning of the opcode (FD XX), it is replaced by 


HL —- IY 
(HL) —> (Y+d) 


to perform the same operation. 
(Example) 
ait INC (HL) 


FDH 34H; INC (IY + d) 
As an exception, when DDH, FDH Its added to the beginning of JP (HL) of E9H, (HL) is replaced by (IX), (IY). 


If DDH, FDH is added to the beginning of EX DE, HL of EBH, HL is not replaced. It becomes an undefined 


instruction. 


© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


635 





HD641808S 


Table 2. Opcode Map (2) 


Second opcode 





RC giRR giSRA g/SRL g 


rn oc l o 1 | 
gf /erbereereelselelelbe 
3 

Sea - (Olen _ _ _ _ 
E = SISISIFIEISISIsisISl2IcIe 
E a a 

O LiJ oul 
& ; 


(TW=IH) 3 


* In the instruction to be executed, DDH can be added to the beginning of the opcode and (HL) is replaced by (IX + d) in 


opcode DD CB d XX. In the same way, FDH can be added to the beginning of the opcode. In the instruction to be 


executed, (HL) is replaced by (ITY+ d) in opcode FD CB d XX. 


HD641808 








Tae 


rat 
Be 
4 
Zlol= —{| {<x fe 
mG IS\= fal IE helo! 
2x |=|5 x} 19 s 
= 
“ = 
+2 
N 


OUT (C),g 
ADC HL,ww 
LD ww, (mn) 


a 8 
s R 
l 
S| j= 
00 
© 
a me bod 
75 





ay 
a i PR me 2/3 
Oo wales | 1 
= oO 2 

oa 
S 5 

© 


TST g 
Ea 
Ee 


| Dd 
| 0001, 
ca ee 
INO g, (m) 
OUTO (m),g 
TST g 
OUTO (m),g 
|) 2] 3 | 
rica 
g (LO 


ele 


Table 3. Opcode Map (3) 


Instruction format: ED XX 
EB 
| 0000 | 
| 0 | 


Second opcode 


el|s>/slele@la/</aloleu 
=\=|8 8 
olo|= - 
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638 











@ Bus Cycle States 


‘*" in the ADDRESS column indicates that the address output is undefined and 'Z' in the DATA 
column indicates that the data pin is in the high-impedance state. The LIR pin output value is 
obtained when the LIRE bit in the operation mode control register is 1. 


Machine nee paveeeed|| epee wee ass 
Instruction Cycle Staton ADDRESS DATA RD wer mr ior 
1st op-code 1st 
MC; | TiTe2Ts Address op-code 
ADD HL,ww 
2 
1st op-code 1st 
T1TeTs Address op-code 


O 


MC; 


ADD IX, xx 


ADD IY. yy MC2 


C3 
~MCe 


2nd op-code 2nd 
TiTeTs Address op-code 


= 





ADD A, (HL) 
ADC A, (HL) 
SUB (HL) 


ist op-code Ist 
Address op-code 
SBC A, (HL) | 
AND (HL) 
OR (HL) 
XOR (HL) MC2 | TiT2Ts Hi. DATA 
CP (HL) 
ADD A, (IX+d) 1st op-code 1st 
Address op-code 


Ti1T2T3 





1st op-code 1st 
MC: | TiT2T3 Address op-code 
ADC HL,ww 2nd op-code 2nd 
SBC HL,ww MC2 | TiT2T3 Address op-code 
MCs 
~MCe | TiTiTiTi 
| 1st op-code 
MC: | TiTeTs Address 
ADD A,m 
ADC A,m 1st op-code 
SUB m MC; | T:T2Ts Address 
SBC Aim 
AND m 
OR m 1st operand 
XOR m MCz | T1T2Ts Address 
CP m 





ADD A, (IY+d) TiTaTs 





ADC A, (IX+d) coe : 
ADC A, (Y+d) 

SUB (IX+ d) 2nd op-code 2nd 

SUB (IY+d) MC2 | TiT2Ts Address op-code 

SBC A, (IX-+ d) 
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Machine earns erases 
oe ADDRESS DATA WR HALT | ST 


SBC A, (IY+d) ee lee — 
AND (iX+ d) tae ee — 


AND (IY +d) 

OR (IX+ d) 

OR (IY +d) BW s | Vili 
XOR (IX+ d) 

XOR (IY + d) 


CP (IX+d) X+d 
CP (Y+d) TiTeTs Y+d DATA 





1st op-code 
TiTaTs Address p-c 
BIT b.g 
2nd op-code 
TiTeTs Address a 
1st op-code 
TiTeaT3 Address — 
2nd op-code 
BIT b, (HL) 
TiT2Ts Address op-code 


1st op-code 
TiTeTs Address — 
2nd op-code 
TiTaTs Address eee 
1st operand 
T1TeTs Address 
3rd op-code 
T1TeTs Address en 
IX+d 
T1T2Ts Y+d DATA 
ist op-code 
TiT2Ts Address eee 
1st operand 
TiTeT3 Address 
2nd operand 
TiTe2Ts Address 
ae ae 
ict eet 
fsa fee te 
1st op-code 
TiTeTs Address op-c 
1st operand 
TiTe2Ts Address 


BIT b, (IX+d) 
BIT b, (Y+ d) 





CALL mn 


CALL f,mn 
(If condition 


7 


is false) 





(Continued) 
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Machine 
Cycle ADDRESS DATA ‘WR ‘UR HALT ST 
4st op-code Ist 
TiTeTs Address op-code 
1st operand 
TiTeT3 Address 
2nd operand 
CALL f,mn T1T2T3 Address 


(If condition 


is true) 


MC, 
MCs | T1T2Ts 


MCe | TiT2Ts 


1st op-code 
CCF MC: {| T1Te2T3 Address rn 
Ist op-code 
MC: | T1T2Ts Address a 
2nd op-code 
CPI MCe2 | T1T2Ts Address nue 
= = x 
MC, 
~MCe | TiTiTi 





TiT2Ts DATA 


1st op-code 
TiTe2T3 Address = 


2nd op-code 
TiTaTs Address a 


MC; 






CPIR 

CPDR 

(If BC,#O and 
Ar# (HL) uy) 


MCz2 


MC3 | TT 2Ts H 


~~ 


ah 


DATA 


1st op-code 
TiTe2Ts Address a 


1st op-code 

TiTe2T3 Address onc 
1st op-code 

TiTaTa Address see 


*{ No interrupts are sampled at the end of a DI instruction. 


CPL MC 


MC. 
~MCea | TITITITITi Z 
1st op-code 1st 
MC; | TiTeTs Address op-code 
CPIR 2nd op-code 
CPDR MCe2 | T1Te2Ts Address eee 
(if BCa=0 or 
Ar= (HL) MC3 | Ti1T2T3 DATA 
MC. 
~MCe | TiTiTi 


MC; 
AA 


MCz | 


MC, 


cba 
a 
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Machi 
1st op-code 
TiT2Ts Address ae 
DJNZ j See Eee tT 
(Hf Br##0) 1st operand 
T1TaT3 Address 
1st op-code 
MC: | T1T2Ts Address a 




















DJNZ j 
(if Br= 0) 






1st operand 
TiT2T3 Address 


1st op-code 
TiT2T3 Address is 
= bi HL 1st op-code 
TiTe2T3 Address = 
Ist op-code 
T1TeaTs Address ok 
EX AF, AF’ 
1st op-code 1st 
TiT2Ts Address op-code 











sls is |e i 
£ 


EX (SP), HL 





= ae a a # 
ea ae a PY 
ve [rear 


1st op-code 
TiT2Ts Address ere 






2nd op-code 
TiTeTs Address aoe 


EX (SP),Ix 
EX (SP),IY 


(Continued) 
*2 DMA, refresh, and bus release cannot be executed immediately after this state (their requests are ignored). 


*3 No interrupts are sampled at the end of an El instruction. 
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pasta 
EX (SP), IX [sia SP+1 Eee ace 
EX (SP), IY 
TiTeTs 








Ist op-code 
wai MC: | T:T2T3 Address nee 
Next op-code Next 
Address op-code 
1st op-code 1st 
a MC: | T1T2Ts Address op-code 
IM 2 2nd op-code 2nd 
MCe2 | TiTe2Ts Address op-code 
1st op-code 1st 
INC g MC: | T1T2Ts Address op-code 
DEC g 
MCz | Ti 
1st op-code 1st 
MC: | TiTeTs Address op-code 
INC (HU) neff DATA AMABRAA 


DEC (HL) 
Ti 
1st me 
TiTeTs Address os 
2nd op-code 
TiT2T3 Address uae 
Ist operand 
INC (IX+ d) TiT2Ts Address 


INC (IY+ d) 
aes 5 | Vili 
| X+d 
TiTeT3 Y+d DATA 
IX+ d 
TiTeTs Y+d DATA 
1st op-code 1st 
TiTeaTs Address op-code 
1st op-code 1st 
TiT2T3 Address op-dode 


DEC (IX+ d) 
DEC (IY+d) 





INC ww 
DEC ww 


2nd op-code 
TiT2T3 Address uae 
ed ee 
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Machine 
Cycle ADDRESS DATA WR HALT ST 
1st op-code 
TiT2Ts Address none 
1st operand 
m to Ao~Ar 
ae A to As~Ais = 
1st op-code 
ae 1T2T3 Address som 
2nd op-code 
1st pe pw 
MC; | TiTa2Ts Address op-code 
2nd op-code 2nd 
MC2 | TiT2Ts Address op-code 
1st operand 
MC3 | TiT2Ts Address 
m to Ao~-Az 
TiT2T3 OOH to As~Ai1s | DATA 
1st op-code 
TiTeaTs Address ene 
2nd op-code 
MCo2 | T1T2Ts Address er 
1st op-code 
TiTeT3 Address eee 
2nd op-code 
TiT2Ts Address os 
MCs 
—~MCe | TiTi 
1st op-code 1st 
TiTeT3 Address _— 
2nd op-code 
TiT2Ts Address nan 


INIR 
INDR 
(if Brs= 0) 









INIR 
INDR 
(tf Br=0) 


(Continued 


— 
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Machine 
Instruction Gee.| 2o™ ADDRESS DATA ‘WR HALT | ST 
Ist op-code 
TiTeaTs Address pe 
p Ist operand 
wel. TiTeTs Address 
2nd operand 
TiTe2T3 Address 


ist op-code 
Ti1TeaT3 Address ie 


ist operand 
TiTe2T3 Address 


1st op-code _—‘| ‘1st 
TiTa2T3 Address op-code 


1st operand 
TiT2T3 Address 

2nd operand 
TiT2T3 Address 

Ist op-code 1st 
TiTeT3 Address op-code 


Ist op-code 1st 
TiTa2Ts Address ee 


2nd op-code 
TiT2T3 Address mae 


1st op-code 
T1TeT3 Address ie 


1st operand 
MC2 | TiTe2T3 Address 
MC3 
~MCa | TiTi 
1st op-code 1st 
TiTeaTs Address op-code 


Ist operand 
TiTe2Ts Address y-2 

Ist op-code 1st 
TiTeT3 Address op-code 

1st operand 
TiTeTs Address 


MC; 


JP f.mn 
(If f is false) 


MC2 


MC; 


JP fimn 


(If f is true) MC2 





MCs 


JP (HL) MC, 


JP (WX) MC; 
JP (IY) 
MC2 


MC; 


JR Cj JR NC,j 
JR Z,j JR NZj 
(if condition 

is false) 


MC; 


MC2 


a 
= 


MC; 


JR C,j JR NC,j 
JR Zj JR NZ,j 
(lf condition 


is true} 
~MCa | TiTi * 


MCz2 





Z 
1st op-code 1st 
TiTeT3 Address op-code 


MC; 
LD gg’ 
MC2 
MC; 
LD g.m 
@ HITACHI 


644 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


a 
ey 


1st op-code 1st 
TiTaTs Address op-code 


s 
© 
o 


Ist operand 
Address 


TiT2T3 
(Continued) 
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Machine S 
Instruction Cycle tates ADDRESS DATA WR HALT | ST 
1st op-code 
MC; | T1Te2Ts Address nee 
LO g, (HL) 


Ist op-code 
TiT2Ts Address ee 
2nd op-code 
TiTeTs Address eae 
LD g, (IX+d) 1st operand 
LD g, (Y+d) TiTa2Ts Address 1 
= Se be PEE 
a ae d 
ee ae DATA 
1st op-code 
TiTaTs Address er 
ef fe cEKRESce 
1st op-code 
TileTs Address as 
2nd op-code 
TiTeTs Address eck 
LD (IX+ d),g 1st operand 
LD (Y¥+d),g TiT2Ts Address 
IX+d 
T iTeTs Y+d 
1st op-code 
TiTaTs Address ae 
1st operand 
LD (HL), 
1st op-code 
TiTe2Ts Address ee 
2nd op-code 
TiTaTs Address see 1 
LD (IX+d),m 1st operand 
LD (Y¥+d),m TiTe2T3 Address 1 
2nd operand 
T1TeTs Address 
IX+d 
TiT2T3 Y+d DATA 
LD A, (BC) 1st op-code 
LD A, (DE) TiT2Ts Address en 


(Continued) 















SS Ve 
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Machine 
Gye ee ADDRESS DATA WR HALT | ST 
LD A, (BC) 
LD A, (DE) T1T2Ts = 
1st op-code 
TiT2Ts Address a! 
1st operand 
TiT2Ts3 Address 1 
LD A,(mn) 
2nd operand 
TiTeaT3 Address 
1st op-code 
TiTaTs Address op- ie 


1st op-code 1st 
TiTe2T3 Address op-code 


1st operand 
TiTeT3 Address 
2nd operand 
i 


Address 
Tt Ce a pete rep 


LD AL *4 1st op-code 
LD A,R *4 TiT2Ts Address oe 
LD 1A 2nd op-code 
LD R.A TiT2Ts Address eee 
1st op-code 1st 
TiT2T3 Address op-code 
1st operand 
LD ,mn 
2nd operand 
TiT2Ts Address 
1st op-code 1st 
TiTeaTs Address op-code 
2nd op-code 
LD IX,mn TiT2Ts Address Seas 
LD fY,mn 1st operand 
TiT2Ts Address 
2nd operand 
TiTe2Ts Address 
1st op-code 
TiTe2Ts Address ed 
LO HL, (mn) 
Ist operand 
TiT2Ts Address 


*4 No interrupts are sampled at the end of aLD A, | or LD A, R instruction. (Continued) 






MCs 


MC4 


MC; 


LD (BC),A 
‘LD (DE),A MC2 


MCs 
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DATA 


i 
Ei 
cy 


Machine 
Instruction Cycle ADDRESS 


2nd operand 
MCs | T1TeTs Address 


1st op-code 1st 
TiTeT3 Address op-code 
2nd op-code 2nd 
TiTe2Ts Address op-code 
1st operand 
TiT2T3 Address 
2nd operand 
TiT2T3 Address 
1st op-code 1st 
T1TeTs Address op-code 
2nd op-code 2nd 
TiT2Ts Address op-code 
1st operand 
MC3 | TiTe2Ts Address 
2nd operand 
MCa j TiTeTs3 Address 
1st op-code 1st 
TiT2T3 Address op-code 
1st operand 
TiT2T3 Address 
2nd operand 
TiTe2T3 Address 
e 










MC, 


cal tol a a 
ofeie |= a 


MC2 


MC3 


a oo ca 
eee fede fa 


d 
aa 


LD ww, (mn) 





MCa4 


MCs 


MCe 


MC, 


MC2 





LD 1IX,(mn) 
LD IY,(mn) 


MCe 


MC; 





MC2 


MCs 


LD (mn),HL 


MCa4 


MCs 


ee 





MCs | TiTe2T3 H 


| 





(Continued 


— 


HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 647 





HD641808 


Machine 
Instruction Cycle 


LD (mn),ww ici 
MCs 
MCe 
MC7 


MC; 


ADDRESS DATA 
1st op-code 
T1TeT3 Address 


2nd op-code 
TiT2T3 Address aes 


1st operand 
TiTeT3 Address 

2nd operand 
TiTaT3 Address 


1st op-code 1st 
TiTeT3 Address op-code 


TE 
a 


2nd op-code 2nd 
TiTeaTs Address op-code 


1st operand 
TiTaT3 Address 

2nd operand 
TiT2T3a Address 


MC2 


MCs 


LD (mn),\xX 


LD (mn),IY MC. 


= 


MCs 





IXL 
MCe | T:TeTs YL 
IXH 
MC7 | T1T2T3 mnt 1 IYH 1 
Ist op-code Ist 
| MC: ]} TiTeTs Address op-code 


LO SP, HL 


MC2 


Ist op-code 

TiT2T3 Address as 
2nd op-code 

TiT2T3 Address en 
Ist op-code ist 

TiTaTs Address op-code 


2nd op-code 
TileaT3 Address ae 


MC; 


LD SP,IxX 
MC2 


LD SP,IY 


MCs 





MC; 


LDI MC2 
LDD 


MC3 | TiTe2Ts HL DATA 


MCa4 | TiT2Ts DATA 


(Continued) 
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ADDRESS DATA 


Machine 
States 
1st op-code 1st 
MC; | T1T2Ts Address op-code 
2nd op-code 2nd 
MC2 | TiTeTs Address op-code 1 
MCs 
~MCe | TiTi * 
1st op-code 
MC: | TiT2Ts Address 
2nd op-code 2nd 
MCe2 | T1Te2Ts Address op-code 
1st op-code 1st 
MC: | TiTeTs Address op-code 1 
2nd op-code 2nd 
MC2 | TiTa2Ts Address op-code 














LDIR 
LDDR 
(if BCp#0) 









oO 
> 
4 
> 


o—_ 
yea 
} 
3 





LDIR 
LOOR 





dd 
+ 
> 


TiTiTiTi 
MCs | TiTiTiTi 
—~MCi3} TiTiTi 


1st op-code 1st 
MC; | T1T2T3 Address op-code 
2nd op-code 2nd 
MC2 | T1Te2Ts Address op-code 
1st op-code 1st 
MC; | TiTe2Ts Address op-code 
1st op-code 1st 
Ci | TiT2T3 Address op-code 
Ist operand 
C2 | Til2Ts Address 


M 
M 
MC3 
M 





Ea 





i 


m to Ao~A7z 
Ca | Ti1T2T3 A to As~Ais 


> 


——_ 





(Continued 


~—— 
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States ADDRESS DATA 
Cycle 


Ist op-code 1st 
TiT2T3 Address op-code 
2nd op-code 2 
TiT2Ts Address op-code 
OUT (C).g 
OUTO (m),g 
MC2} T1Te2T3 Address op-code mad el a 
OTIM wt tw te Pe aa taeda | «| 
OTDM 
MC, | TiTeTs HL DATA 1 
C to Ao~-A7 
MCs] T:iT2Ts OOH to As~Ai15 | DATA 


1st op-code 1st 
MC: | TiT2Ts Address op-code 


a 


ei 
1st op-code 1st 
TiTeTs Address op-code 
Z 3 


* 
2nd op-code 2 
TiT2Ts Address op-code 
1st operand 
TiTaTs3 Address 


m to Ao~-A7 
T1Te2T3 OOH to As~A15 

1st op-code Ist 
TiTe2T3 Address op-code 


2nd op-code 2nd 


=a 


= 
3) 
° 
z. 
5 
® 


MC 
MC 
MC 
M 
MC 
MC 
M 
MC 
M 
M 


1 
2 
3 
C4 
1 
2 
C3 
4 
Cs 
Ci 


2nd op-code 2nd 


MC2] TiTe2Ts Address op-code 


OTIMR 
OTDMR 


MCs 


(lf Br#0) 
MC. 


C to Ao~A7z 
MCs] TiT2Ts OOH to Au~Ais | DATA 
MCe 
~MCa | TiTiTi * Zz 
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1st op-code 1st 
TiT2T3 Address op-code 
2nd op-code 2nd 
TiTeTs Address op-code 
e a. 





Instruction 


MC, 


= 
» 
° 
z. 
= 
@ 


MC2 










OTIMR 
OTDMR 
(If Br= 0) 


MC3 


MCa 


C to Ao~Az 


MCs | Ti1T2T3 OOH to As~Ais | DATA 


MCa4 | TiT2T3 B DATA 


1st op-code 1st 
MC; | TiT2Ts Address op-code 1 1 
2nd op-code 2nd 
OUTI MC2 | TiT2Ts Address op-code 1 1 
OUTD | 
MCs | TiTeaTs HL DATA 1 1 1 1 
1st op-code 1st 
MC: | TiTe2Ts Address op-code 1 
| 2nd op-code 2nd 
MC2 |} TiTeaTs Address op-code 1 1 
OTIR 
OTDR 
MCs j TilTeT HL DATA 1 1 


Tit 


io) 
* 


1st op-code 1st 
TiTeT3 Address op-code 


MC 





2nd op-code 


OTIR MC2 | TiT2Ts 
OTDR 


(ff Br= 0) 


Address 


1st op-code 1st 
TiTeaTs Address op-code 
TiTeTs SP+ 1 DATA 





MCs 


MC, 


MC, 


MC2 


MC3 


POP IX 1st op-code 1st 
POP IY MC: | TiT2Ts Address op-code 1 
(Continued) 
© HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 651 











HD641808 





Machine 


ADDRESS DATA 


2nd op-code 2nd 
T1T2Ts Address op-code 


< 
9 
i 


MC2 


POP Ix 


POP IY MCs | TiT2Ts DATA 


MC. | TiTe2Ts SP+ 1 


MC, | T1T2Ts 
~MCsz | TiTi 
PUSH zz 
MCa | TiT2Ts 
MCs | T:T2T3 
1st op-code 1st 
MC; | T1T2Ts Address op-code 
2nd op-code 2nd 
MC2 | T1T2Ts Address op-code 
PUSH IX 
PUSH IY —~MCa | TiTi 
IXH 
MCs | TiT2Ts IYH 
MCe | TiTe2Ts 


1st op-code ist 
TiT2T3 Address op-code 


DATA 


via 


Ist op-code 1st 
Address op-code 


= 
2 


N 
N 
r 


x 
zs 


z 
= 


MC; 


RET 


MCa2 | TiTeTs DATA 


MC3 | T1T2Ts SP+ 1 DATA 


1st op-code 1st 


RET f TiT2T3 Address op-code 


(tf condition 
is false) 


MC; 


MC2 
~MCs | TiTi 






MC, | TiT2Ts Address op-code 


RET f MC> 
(if condition 


1 is true) 


MC3 DATA 


< 
‘?) 
wo 


TiTe2T3 


MC, | TiTeTs SP+ 1 DATA 


Ist op-code 1st be 


1 st op-code 1st 
Address op-code 


2nd op-code 2nd 
Address op-code 


MC: | TiT2Ts 


RETN MCe2 | TiT2T3 


MC3 |} TiTeaTa SP DATA 


MC; | TileoTs | SP+ 1 


DATA 
(Continued 


all 
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RLC (HL) 
RL (HL) 

RRC (HL) 
RR (HL) 

SLA (HL) 
SRA (HL) 
SRL (HL) 


Mach 

oe ADDRESS 
Cycle 

1st op-code 

TiTaTs Address 

2nd op-code 
TiTeTa Address 

1st op-code 
TiT2Ts Address 

2nd op-code 
TiTe2T3 Address 


1st op-code 
TiToT3 Address 

1st op-code 
TiT2T3 Address 

2nd op-code 
TiTe2Ts Address 


1st op-code 
T1TeT3 Address 


- 
a 


ae 
ee | 


2nd op-code 
TiT2T3 Address 
Sf fe 
= ae aa 


HD641808 





(Continued) 


*5 The upper column indicates the LIR pin value when the LIRE bit in the operation mode control register is 1, and 


the lower column indicates that when the same bit is 0. 
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States ADDRESS DATA 


= 
® 
° 
= 
5 
® 


Cycle 


1st 
op-code 


1st op-code 
Address 


2nd op-cod 2nd 
Address op-code 


RLC (IX+ d) 
RLC (IY +d) 
RL (IX+ d) 
RL (IY + d) 
RRC (IX-+ d) 


MC; | TiTe2Ts 


MCe2 | TiTe2Ts 


1st operand 


RR (X+ d) 3rd op-code 3rd 
RR (iY +d) MC. ] TiTeT3 Address op-code 1 


SLA (IX-+ d) 
SLA (IY +d) 
SRA (IX+ d) 
SRA (IY +d) 
SRL (IX+ d) 
SRL (IY + d) 


IX+d 


MCs | TiT2T3 lY+d DATA 


MCo 


IX+d 


MC; | T:Te2Ts Y+d DATA 





1st op-code 1st 


MC; | TiTeTs Address op-code 


2nd op-code 2nd 


MCo2 {| TiTeTs Address op-code 


RLD 
RRD MCs |] T1Te2T3 HL DATA 


= 
eg 


~MC; | TiTiTiTi 


MCa | TiT2Ts H 


~ 


|. 


DATA 


| 1st op-code 1st 


MC; | TiTeT3 Address op-code 


MC2 
~MCz | TITi 


MC4 | T1T2Ts C 


= 


MCs | TiT2Ts 


Pe) 
” 
+ 
< 


” 
OQ 
i 
Uv 


Ist op-code 1st 
TiT2T3 Address op-code 


Ist op-code Ist 
TiTeTs Address op-code 


MC, 


MC; 


SET b,g 
RES b,g MC2 


2nd op-code 2nd 


TiT2T3 Address op-code 


MC3 


1st op-code 
Address 


2nd op-code 2nd 
Address op-code 


MC; | TiT2Ts 


MC2 | T1T2Ts 


oO 
> 
a 
F 


SET b, (HU) 


RES b, (HL) MCs | TiT2Ts HL 





MC. 


q 


MCs | TiTeTs H DATA 
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= 
o 
° 
= 
5 
® 


Cycle 
1st op-code 1st 
TiTe2T3 Address op-code 
2nd op-code 2nd 
TiTe2T3 Address op-code 
d 


MC, 


MC2 


MC3 


1st operand 
TilTeaTs Address 

3rd op-code 3r 
TiTaT3 Address op-code 


SET b, (IX+d) 
SET b, (IlY+d) 
RES b, (IX+d) 
RES b, (IY+d) 


MC, 


MCs 


IX+d 
TiTaTs IY+d DATA 
Z 
iX+d 
TiTe2T3 Y+d DATA 





MCe 


MC7 


ist op-code 1st 
T1T2T3 Address op-code 


eh 


2nd op-code 2nd 
TiTeaTs3 Address op-code 


FFFFFH Z 


1st op-code 1st 
TiT2T3 Address op-code 


2nd op-code 2nd 
TiT2T3 Address op-code 


1st operand 
TiT2T3 Address 


MC; 
SLP 
MC2 
MC, 
MC2 
TSTIO m 
MC3 
C to Ao~Az 
MCa | TiT2T3 OOH to As~Ai15 | DATA 
1st op-code 1st 
MC: {| TilTe2Ts3 Address op-code 
2nd op-cod 2 
TST g nd op-code 
MC2 | TiT2Ts Address op-code 
MC3 i 
1st op-code 
| MC; | TiT2T3 Address 
TST 
een MC2 
MC3 
MC; 
MC2 
TST (HL) 
MC3 
MC, 
© HITACHI 


2nd op-code 
TiT2T3 Address 
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—_ 


op-code 


op-code 


2 
1st operand 
TiTaTs Address 
1st op-code 
TiTe2T3 Address op-code 
2nd op-code 2 
TiT2T3 Address op-code 


1 


nd 
Z 
1st 
nd 
st 
nd 
p 
Z 


(Continued) 


| 
| 
{ 
1 
4 





HD641808S 





Interrupts 
: pecine ADDRESS DATA WR urR |HALT| ST 
Cycle 
Next op-code 
MC, | T1TeTs Address (PC) 
MC2 
~MCs3 | TiTi Zz 


MCs | TiT2Ts 


MCs | TiT2Ts PCL 


TiTaTw Next op-code 1st 
TwTs3 Address (PC) op-code 


MC; 
MCe 


INTo MODE 0 ~MCs | TiTi 
(RST INSERTED) 






a 


MCs | TiTeTs PCH 


MCs | TiTeaT3 


T iT 2Tw 
Twls 


PCL 


Ist 
op-code 


Next op-code 


MC; Address (PC) 


MCe2 | T1TeTs P 


2) 


MCs | TiTeaTs PC+ 1 


INT o MODE O 
(CALL 
INSERTED) MC, 


a 


MCs | T1Te2Ts SP— 1 PC+ 2(H) 


MCe | TiTe2Ts 


TiT2Tw 
MC Twls 
INToMODE1 | | 
MC2 | T1TeTs 
MCs | Tilels 


T 1TaTw 
Twls 


SP—2 PC+ 2(L) 


Next op-code 
Address (PC) 


SP 2 


< 
QO 
~ 


Next op-code 
Address (PC) 


1 


Vector 


Ti 


MC 
MCe2 
INTo MODE 2 MC 


3 | T1T2T3 PCH 


—_ 
a 


MCa4 |} Ti1TeTs SP 2 


1, vector 


“a FUE 
cata fo | 


Cc 
MCs }] TiTeTs 
Cc 


M TiTe2T3 


6 


di 
2) 
~ 


1, vector + 1 


Continued 


~~ 
— 
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ta fo ts tots ds ds tal 






INT2 
Internal interrupts 





a 
2 
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@ Requests in Each Operating Mode 


Current Status 


Chip Operation Operation Cycle 


Mode 


Normal 
operation 


mode 


Halt mode 


Sleep mode 


CPU 


Interrupt 
acknowledge cycle 
DMA 


Refresh 
Bus release mode 
DMA 


Refresh 


Bus release mode 


Other halt mode 


DMA 


Refresh 


Bus release mode 


Other sleep mode 





Operation Requests 
Interrupt Requests 
WAIT NMI INTo-INT2, or Internal 
Interrupt 

Accepted Accepted at end of Accepted at end of 
instruction instruction 

Accepted Not accepted Not accepted 

Accepted Accepted; DMA Accepted 
cycle aborted 

Accepted *1 Accepted *3 Accepted *3 

Not accepted Accepted *2 Accepted *2 

Accepted Accepted; DMA cycle Accepted 
aborted and halt mode 
released 

Accepted *1 Accepted; halt mode Accepted; halt mode 
released after completion released after completion 
of refresh cycle*3 of refresh cycle*3 

Not accepted Accepted; halt mode Accepted; halt mode 
released after completion released after completion 
of bus release mode*2 of bus release mode*2 

Accepted Accepted; halt mode Accepted; halt mode 
released released 

Accepted Accepted; DMA cycle Accepted 
aborted and sleep mode 
released 

Accepted *1 Accepted; sleep mode Accepted; sleep mode 
released after completion released after completion 
of refresh cycle*3 of refresh cycle*3 

Not accepted Accepted; sleep mode Accepted; sleep mode 
released after completion released after completion 
of bus release mode*2 of bus release mode*2 

Not accepted Accepted; sleep mode Accepted; sleep mode 
released released 

@ HITACHI 
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@ Requests in Each Operating Mode (cont.) 





Current Status Operation Requests 
Chip Operation Operation Cycle Interrupt Requests 
Mode WAIT NMI INT0-INT2, or Internal 
Interrupt 
Bus release mode Not accepted Accepted; system stop Accepted; system stop 
mode released after mode released after 

System stop completion of bus completion of bus release 
mode release mode*2 mode*2 

Other system stop Not accepted Accepted; system stop Accepted; system stop 

mode mode released mode released 
Resetmode _ ---------- Not accepted Not accepted Not accepted 

HITACHI 
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M@ Requests in Each Operating Mode (cont.) 


Current Status 





Chip Operation Operation Cycle 


Mode 
CPU 
Interrupt 
acknowledge 
Normal cycle 
operation DMA 
mode 
Refresh 
Bus release mode 
DMA 
Refresh 
Halt mode Bus release mode 
Other halt mode 
660 


BUSREO 


Accepted; enters bus 
release mode at end of 
machine cycle 
Accepted; enters bus 
release mode at end of 
machine cycle 
Accepted; enters bus 
release mode at end of 
machine cycle 
Accepted; enters bus 
release mode at end of 
machine cycle *3 

Bus release mode 


continues 


Accepted; bus release 
mode entered at end of 
machine cycle 
Accepted; bus release 
mode entered at end of 
machine cycle *3 

Bus release mode 


continues 


Accepted; bus release 


Operation Requests 
Bus Requests 
Refresh Request 


Accepted; refresh cycle 
executed at end of 
machine cycle 
Accepted; refresh cycle 
executed at end of 
machine cycle 
Accepted; refresh cycle 
executed at end of 
machine cycle 
Accepted; refresh cycle 
executed at end of 
machine cycle 
Accepted; refresh cycle 
executed after 
completion of bus 
release mode*2 
Accepted; refresh cycle 
executed at end of 
machine cycle 
Accepted; refresh cycle 
executed at end of 
machine cycle 
Accepted; refresh cycle 
executed after 
completion of bus 
release mode*2 


Accepted; refresh cycle 


mode entered atend of — executed at end of 
machine cycle machine cycle 
@ HITACHI 


DMA Request from 
DREQo, DREQ1, or MSCI 
Accepted; DMA cycle 
executed at end of 
machine cycle 

Accepted; DMA cycle 
executed at end of 
machine cycle 

Accepted; DMA cycle 
executed at end of 
machine cycle 

Accepted; DMA cycle 
executed at end of 
machine cycle *3 
Accepted; DMA cycle 
executed after completion 


of bus release mode *2 


Accepted; DMA cycle 
executed at end of 
machine cycle 

Accepted; DMA cycle 
executed at end of 
machine cycle *3 
Accepted; DMA cycle 
executed after completion 


of bus release mode *2 


Accepted; DMA cycle 
executed at end of 


machine cycle 
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M@ Requests in Each Operating Mode (cont.) 


Current Status 


Chip Operation Operation Cycle 


Mode 


DMA 
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DMA Request from 
DREQo, DREQ1, or MSCI 


Accepted; refresh cycle 


Sleep mode 


Refresh 


Bus release mode 


Other sleep mode 


Accepted; DMA cycle 
executed at end of 
machine cycle 

Accepted; DMA cycle 
executed at end of 
machine cycle *3 
Accepted; DMA cycle 
executed after completion 


of bus release mode *2 


Accepted; DMA cycle 
executed at end of 


machine cycle 


Bus release mode 


System stop 


mode 


Reset mode 


*1 Not accepted when the number of programmable wait states is 0. 


Other system stop 
mode 


*2 Requests are held until the bus release mode completes. 


*3 Requests are held until the refresh cycle completes. 


Operation Requests 
Bus Requests 
BUSREQ Refresh Request 
Accepted; bus release 
mode entered atend of — executed at end of 
machine cycle machine cycle 
Accepted; bus release Accepted; refresh cycle 
mode entered atendof executed at end of 
machine cycle *3 machine cycle 
Bus release mode Accepted; refresh 
continues cycle executed after 
completion of bus 
release mode*2 
Accepted; enters bus Accepted; refresh cycle 
release mode executed at end of 
machine cycle 
Bus release mode Not accepted 
continues 
Accepted; enters bus Not accepted 
release mode 
Not accepted Not accepted 
© HITACHI 


Not accepted 


Not accepted 


Not accepted 
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M@ Request Priorities 
Requests to the HD64180S are categorized into three types: 
@ Requests accepted and executed in each state ------ WAIT 
@ Requests accepted and executed in each machine cycle -:---: Refresh request 
DMaA request 
BUSREQ request 


@ Requests accepted and executed in each instruction ----- Interrupts 
In principle, request priorities are as follows: 

(High) © > @>® (Low) 

Type ®@ requests are prioritized as follows: 

(High) BUSREQ > Refresh request > DMA request (Low) 


For the priority of type @ requests, see section 3.6 "Interrupts" 
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@ State Transition Diagrams 


(1) Chip operation mode transition diagram 











Normal 
operation 


Reset mode 


4 
(e) 
AR Se 


r 


4 
S 


stop mode 


(2) Bus control transition 









wv 
Reset mode Built-in DMAC 


No refresh request 
issued and DMA 


request issued 
request issued 













Bus release 


ade BUSREQ = 0 Refresh 


BUSREQ = 1 and refresh request issued controller 
pee band Teresi requestissued 4 
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@ Status Signals 


Status signals are listed below. 


Chip 


operation 


mode 











Fo [maaawtet Joop apeli ti [ii] jerw ure] is 
Seodetendomabiech fo | 0 | 1 fe fa {1 1 i{1 jorwfourw | 1s 
OUT (A) OUT (A) 
Pa four) | a8 
four w four w 
i four | 2 
[ocr aw [our | ay 
| 1 OUT (A) IN 
Ld POUT A). 2Z 
[out w four @ [1s 
1X 








— 





‘ 


- 
: 
le ed oe oy 


: 


S/S) 5) z/ x 
gla algls 
i si 
: 


QERRE 
&2ES Fs 
PRL 

3 

3 

=| || 

j 

E 

‘ 

(om) if 


1 
{ 





I 
' 
t 
i 


: 





: 





' 
: 





oct tay four (a) [our wi 
pour (ai 


OUT (A) | OUT (A) 
1 fourm] 2 
ae a Se a 





— 
-|- 
Pome | pret | prmeh  ffeet [ pt 
bm fom | | oo} oo] oO 
+ 





‘ 
$ 
T 
1 





‘ 
1 
t 


po 


Ff 





1: High level output 
0: Low level output 
OUT (A): Any output 

IN: Input . 

ZL: High impedance 
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Status Signals (cont.) 


Chip ee 
operatior Operation cycle LIR 
mode 





BUSACK Ao~Ais Do~D, 
| 


IN 
OUT (A) | OUT (A) 
Z 
Z 
Z 


Z 











-|-|- 


© 

Cc 

- pat | pee pe 

p- 
© 
CQ 
| 
es 





Ste | | 
. 
-|-]-I¢ 
Fee ee 








Halt 
mode 













@ i out WIN 
a pour i 
a ae Cope pepe pe pao four a four w four @ 
+ fi Oo) te a oe Oo a OLE Ay OUR ta) 
: Se A BL 
7 fa cepepe pet af 2 
pra 
po fp op Pe 

0 | ae ee 


- 
ps 
— 
— 
- 


— 
_— 
— 
nme 
— 
P= | 
- 
Bi 
N 


E 
-' 
- 





1: High level output 
0: Low level output 
OUT (A): Any output 

IN: Input 

Z: High impedance 
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@ Pin States in Reset and Low Power Dissipation Modes 










666 


TINo, TIN, PENN) IN (A) IN (N) 
TOUTo, TOUT, OUT (Lh) OUT (A) HOLD 





0» 
’ 


Peron 
= 
+3 








R 
B 





B 


REF OUT (H) OUT 

OUT (H) OUT (L) 

OUT (A) OUT (H) 

WR OUT (H) OUT (A) OUT (H) 

TE OUT (H) “OUT (A) OUT (H) 


E 
ouT iH) 


IN (A), 
Do~D, Z 
OUT (A), Z 





0 
0 
opts DETY 


Output selected OUT (A) HOLD 
OUT (H) OUT (A) HO} ED 


A 





_ Pin state 
Reset mode Sleep mode System stop mode 













IN (N) 

cS. OFT CA) OUT (H) 

Oo) 
IN (A) IN (A) IN (A) 

IN (A) IN (A) 


OUT (A) 










CS, 
WAIT 
INT), 
ESET 
USREG 
USACK 
ST 
LTR 









ME 


OUT (H) 
OUT (H) 


OUT (A) 


OUT (A) 





IN (N) 













DCDM 
CTSM IN (N) IN (A) IN (N) 


IN (N) 





IN (A): Input (active) 

IN(N): Input (inactive) 

OUT (H): Output (fixed to high level) 

OUT (L): Output (fixed to low level) 

OUT (A): Output (active) - High or low level output 
Z: High impedance 

HOLD: Holding the previous state 
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@ Pin States in Reset and Low Power Dissipation Modes (cont.) 






Pin state 


Reset mode Sleep mode System stop mode 
RXCM 
I 









Output selected] = —— OUT (A) OUT (A) 
TACT ERE aC 
TXCM 

















OUT IM 
upaniesell ‘| outa) | ouTim 
our Ww 
P 6 | selec ourpur | #elock output | elock ouput 


IN (A): Input (active) 

IN(N): Input (inactive) 

OUT (H): Output (fixed to high level) 

OUT (L): Output (fixed to low level) 

OUT (A): Output (active) - High or low level output 
Z: High impedance 

HOLD: Holding the previous state 


RXCA 
XCA 


T 
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@ Built-in Registers 











CPU 
Register Address Remarks 
Interrupt control register (ICR) OO000H 7 é s ‘ 3 2 ' ° 
mrvone | me j vo | - | - | - | - | - || 
Read/Write = RAW R - = = = ” nw 
initial Value 0 0 ) 0 ) 0 ) | 
oT | ie 
1. TRAP iemnet "second brs of pode undead 
1: Thied byte of opcode undefined 
MMU common base register 0001H d : : : ; 2 ' 0 
(CBR) arvana | cor | coe | cos | com | co | coe | cm | om | 
ReadWike RW RW Aw RW Rw RW AW RW 


initial Value 0 0 0 0 0 0 0 C] 


MMU bank base register (BBR) 0002H 7 8 8 4 3 2 ' 0 
= ee 

Read/Write Rw RW RW RW Aw Rw RW RW 

tnitial Vatue 0 0 0 0 0 0 6 6 

MMU common/bank area 0003H u ¢ 6 4 3 2 ' 0 
BAR arnene | cs | ce | cw | oo | om | oe | om | om | 

EEISSE C ) ReadNWrte = RW Rw RW Rw rw FAW AW rw 


intial Value 1 1 1 ] 0 0 0 0 


Four high order bits of the Four high order bits of the 
lower address limit for common area 1 lower addrees limi for the bank area 


Operation mode control register 0004H 


(OMCR) airs |e | ra | ee ee ee | 


668 





Read/Write w 
initial Value 1 1 1 0 0 0 0 0 
UR Enavie 
0: The LIA output is low 
only during the opcode 
fetch cycle 2 of the 
RET! instruction and LO Competiy 
the first machine cycte 0: Output of the IGE and AD lines le compat 
of the INTO interrupt with that of the 280-based peripherat LSis. 
acknowledge cycie. 1: Normal operation 
1. Normal operation 
LIA Temporary Enable 


0. When the LIRE bit is 0, the LIR output is low only for 
the opcode fetch cycle immediately after 0 is written 
to the LIRTE bi. 

1: Normal operation 
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@ Built-in Registers (cont.) 


CPU 
Register Address Remarks 


I/O control register (IOCR) 0005H 7 6 s 4 3 2 ‘ 0 
so! cia Roan nae es aL Lae 


Read/Write RW - 
Inkial Value 0 \) 0 0 0 t) i) 0 





YO Stop 
0 Sleep mode (SLP instruction execution) 
1 System stop mode (SLP instruction execution) 





Unused 0006H 

Unused 0007H 

Wait Control 

Register Address Remarks 





Physical address boundary 0008H 


7 6 5 4 3 2 1 0 
register 0 (PABRO) a 
RW 


Read/Write RW RW RW RW RW RW RAV 
Initial Value 0 i) 0 it) is] 0 0 0 


PAL/PAM Boundary Address (8 high-order bits) 


Physical address boundary 0009H 7 6 5 4 3 2 ' 0 
register 1 (PABR1) axnane | rar7 | rose | rors | row | pars | roe | ra | oso | 
ReadMWrite RW RW RAV RW RW RW RW RW 


PAM/PAH Boundary Address (8 high-order bits) 





l register L RL) 000OAH 
~——ee vo 
Read/Wnite - - - - - RW RW RW 
Initial Value i) 0 0 0 t) 1 1 1 


PAL Area Wait 


PALW2 PALWI1 PALWO Number of Wait States 


mie [_H fe (Ofolfolo 
me ios FOTO [me f= 1O 1 O 
—1Ol=1Ol~f ole1o 
SEDER] |W LY l- 1O 
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@ Built-in Registers (cont.) 


Wait Control 
Register Address Remarks 


Wait control register M (W' CRM)0O00BH 7 6 5 4 3 2 1 0 
cunwme [T= T= | = f= [paar | rae | rae | 
y a : 2 é Pw RW FW 











Read/Write 
Inkial Value 0 0 t) 0 0 1 1 1 
PAM Area Wak 
PAMW2 PAMWI1 PAMWO Number of Wait States 
0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 


Wait control register H (WCRH) OOOCH 
za ne a - - RW RW RW 





Read/Write 
lnkial Value 0 9 0 0 te) 1 1 1 
PAH Area Wart 
PAHW2 PAHWI PAHWO Number of Wait States 
0 

0 0 I 1 
0 1 0 2 
0 i l 3 
1 0 0 4 
1 0 1 5 
I 1 0 6 
1 1 1 7 


I/O wait control register 000DH ee s 4 3 2 ' 0 
sme [- [oe Dow Dow] - Poa] [| 
(IOWCR) Sosa ar oa caR arTRaETD 











Read/Write - 
initial Value 0 1 1 1 0 1 1 1 
rep ee 
VO High VO Low 

IOH2 IOH1 IOHO Number of Wait States 

0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 

1 0 0 4 

1 0 1 5 

1 1 0 6 

1 1 1 

IOL2 IOLI IOLO Number of Wait States 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 i 3 

1 0 0 4 

1 0 1 5 

1 1 0 6 

1 1 1 7 
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@ Built-in Registers (cont.) 


Wait Control 
Register Address Remarks 
Interrupt wait control register OOOQEH 


(INTWR) se A Oe 
= ~- - - - RW RW RW 





Read/Write 
inkiai Value 0 t) 0 0 ) 1 1 1 
Interrupt Watt 
INTW2 INTW1 INTWO Number of Wait States 
0 0 0 2 
0 0 1 3 
0 1 0 4 
0 1 1 5 
1 0 0 6 
1 0 1 7 
1 1 0 8 
1 1 1 9 


Refresh wait control register 00OFH 


7 6 § 4 3 2 1 0 
sates So) ea a Bd 
- ~ - - - Pw RW RW 


Read/Write 
Initial Value 0 0 0 0 0 1 1 1 
Retresh Wait 
REFW2 REFW1 REFWO0 Number of Wait States 
0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 i 1 7 








Interrupt Control 
Register Address Remarks 


Interrupt status register 0 (ISRO) 0010H 7 6 5 4 3 2 ; 0 
ove [Serr [wor [mw [row [wee [oon] om [on | 


Read/Write 
Intal Valve 0 0 0 0 0 0 x x 


External interrupt INT2 
0 Request not ssued 0: Request not issued 0; Request not iaeued 0; Request not issued 
1. Request issued 1: Request seued 1 Request ssued 1: Request seued 








0: Request not issued 0: Request not issued © Request not issued 0; Request not seued 
1 Request issued 1: Request issued 1. Request issued 1. Request iasued 
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@ Built-in Registers (cont.) 
Interrupt Control 
Register Address Remarks 





Interrupt status register 1 


Interrupt enable register 0 
(IERO) 


Interrupt enable register 1 
(IER1) 


Interrupt vector low register (IL) 0014H 


672 Hitachi America, Ltd. « 


(ISR1) 0011H 


7 6 § 4 3 2 1 0 
wn [| ee [ove [ ow [ om [ owe [rae [ee 
R R R R R R R R 





Read/Write 
Initial Value 0 0 UY) t) 0 0 t) te) 
Timer Channel 1 DMA Interrupt 8 DMA interrupt B os 
Channel Y Channat0 
Interrupt Hequest henner! 0: Request not iss: 
O Request not issued | 0° Request not issued | 0: Request not issued 1: Request issued 
1; Request issued 1: Request lssued 1: Request issued 


Timer Channel 0 DMA Interrupt A DMA Int A 
0: Request not issued 0: Request not lesued 0: Request not issued 1: Request issued 
1; Request issued 1: Request issued 1; Request issued 





























0012H 7 6 5 4 3 2 1 0 
are [more] mrore] are [wan [won [enone] one | 
Read/Write RW RW RW RW RW RW RW RW 
intial Value 0 0 () 6 C) ) Q 0 
ASCVCSIO TXROY MSCI TXINT yeo Dey WT2_ External 
nable Enable able Interrupt Enable. 
0: Disabled 0: Disabled 0: Disabled 0: Disabled 
1: Enabled 1: Enabled 1: Enabled 1 Enabled 
ASCVCSIORXRDY = MSCIRXINT INT: External 
nable Enable eae Interrupt Enable 
0: Disabled 0: Disabled 0: Disabled 0: Disabled 
1. Enabled 1: Enabled 1: Enabled 1: Enabled 


0013H 


7 6 § 4 3 2 1 0 
arm [Fe [ ree] oie] ome [ ome [one | nar [ere 


Read/Write RW RW RW RW RW RAV RW RAW 
inkial Value 0 0 0 0 0 0 0 ° 
Timer Channel 1 DMA Interrupt B OMA Interrupt B ASCICSIO 
interrupt Request Enable Channel 1 Enable Channel 0 Enable RXINT Enable 
0: Disabled 0° Disabled 0: Disabled 0: Disabled 
1: Enabled 1' Enabled 1: Enabled 1: Enabled 
DMA interrupt A 
DMA interrupt A DMA Interrupt A 
eng ee Channel 0 Enable 
0: Disabied — 0: Disabled 
1: Enabled 1. Enabled 
Timer Channel 0 ASCICSIO 
interrupt Request Enable TXINT Enable 
0: Disabled O Disabled 
1 Enabled 1; Enabled 


7 6 § 4 3 2 1 0 
wwe Te T-T-7T-T-T-T- 
Read/Write Rw RW as Ps rs x is a 


Initia! Value 0 9 0 0 0 0 ) ° 


Fixed code 


Low order byte of vector address 
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@ Built-in Registers (cont.) 


Interrupt Control 











Register Address Remarks 
Unused 0015H 

Unused 0016H 

Unused 0017H 

Refresh Control 

Register Address Remarks 





Refresh control register (RCR) 0018H 


7 6 5 4 3 2 1 0 
erwane | vere | | =} | =f ovee | cre | cree 
~ - - - RWW RW 





ReadMWrite RW Rw 
Initial Vatue 1 0 0 0 0 0 0 0 
Refresh Enable Cycle Select 
0° Refresh cycles not inserted * Insertion interval 
1° Refresh cycles inserted 000: 32 states 
001: 64 states 
010: 96 states 
011: 126 states 
100° 160 states 
101. 192 states 
110: 224 states 
111: 256 states 
Unused 0019H 
Unused 001AH 
Unused 001BH 
Bus Control 
Register Address Remarks 





DMA priority control register 001CH 
(PCR) 


Mode (dual address) 


Single-block Transfer 
Mode (single address) 
Chained-block Transfer 
Mode 


Read/Write = = a 7 - = 
Initial Value 0 0 0 0 0 0 





0: Channel 0 has priority over channel 1 
1: Channel 1 has priority over channel 0 


DMA master enable register 001DH ee ae ee ee Oe 
Single-block Transfer 

apa 
Mode (single address) 





Chained-block Transfer 
Mode 


ReadMWrite RW 7 ~ = - = 
Initial Value 1 0 0 0 0 0 0 0 


DMA Master-Enable 
0 Disable 
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@ Built-in Registers (cont.) 














Bus Control 

Register Address Remarks 
Unused 001EH 

Unused 001FH 

MSCI 

Register Address Remarks 





MSCI TX/RX buffer register 0020H 


= =SRRSSCan 
Som 


initial Value 


Value written to, or read from, the transmit/receive buffer 


ea 


MSCI status registerO (MSTO) 0021H 


Initial Value 4 
TXINT inte: TK ready 
0 No interrupt 0: Transmit buffer full 
1 Interrupt 1° Transmit buffer 
empty/net full 
RXINT interrupt RX ready 
0° No interrupt 0° No receive data 
1 Interrupt 1; Receive data 
MSCTI status register 1 (MST1) 0022H 
co 
ia 
Read/Write - RW Rw Rw RW RYW 
intial Value ° 


Sell ier [ 


Undernun Error SYN Pattern Detection RODM Line 
° Byte/Bit synchronous * Byte synchronous mode | Level Change 
mode ° 








No pattern detected 0 Not changed 
0. No underrun detected 1, Pattern detected 1 Changed 
1 Underrun detected sar 
Flag Detection O Break sequence end not detected 
« Bit synchronous mode 1 Break sequence end detected 
We Peg comes idle Start Detection 
1 Flag detected > Bi ay 
QO idle sequence start not detected 
Transmitter idle Status GSM Line Leve 1 dle sequence start detected 
ONtKe °° °° hange 
1 ble 0: Notchanged = Break Detection 
1" Changed ° Asynchronous mode 


O° Break sequence starts not detected 
1° Break sequence starts detected 


Abort Detection/GA Pattern Detection 
° Bh pha diypioneirond mode 
0: Abort sequence etarvGA pattem start 


1 Abort sequence star/GA pattem start 
detected 
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@ Built-in Registers (cont.) 


MSCI 





Register 


Address 


Remarks 





MSC status register 2 (MST2) 0023H 


MSCI status register 3 (MST3) 0024H 


MSCI frame status register 
(MFST) 


1 0 


7 6 8 4 3 2 
SS ee ae 
| Byte Sync | Sync pF - f- [ - | 
farsyro [cow | oer] ast | rer cae 


Read/Write RW RW Rw RW RW RW - - 
Initial Value 0 0 i) 0 te) 0 ° i] 








End of Reosive Frame Framing Error CRC Error 
¢ Bk synchronous mode * Asynchronous mode * ByteBit eynchronous mode 
0: Receive frame end 0: No framing error 0 No CRC error detected 
not detected detected 1 CRC error detected 
1 End of receive frame 1; Framing error 
detected detected Sine 
ParityMP Bt Residue BR Frame 0: No overrun error detected 
° Asynchronous mode © BR synchronous 1' Overrun error detected 
O° Parity or MP bit "0" 
1 Paritv or MP bit "1° 0° Normal end of 
Short Frame 1: Frame with residue bits 
+ Ba mode detected 
0: Normal end of frame 
1: Short frame detected 
Pet Error 
¢ Asynchronous mode 
0: No parity error detected 
1 Parity error detected 
Fr: 
8h synchronous mode 
© Normal end of 
1 Frame with abort end detected 








pr 


Sending on Loop CTSM Input Line Status TX Enable 
* BR synchronous mode 0: Disable 
0: Transmie no MSCi data | & CTSM tow level 





1: Tranemks MSCI data 1: CTSM high level 

Search Mode RX Enable 
+ Byte/Bits synchronous mode 0: Disable 
0. ADPLL normal mode 1 Enable 
1 ADPLL search mode 

DCDM Input Line Status 

0: DCDM low level 

1 DCDM high level 


0025H 


7 5 4 3 2 1 0 
= DB gg 
Ci occa Decale Ee Dade Cad all 
Read/Write Rw RW RW RW RAV RW - = 
initial Value t) ) \) 0 0 0 0 0 


2 tpt tt 


Frame status at receive completion 
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MSCI 


Register Address Remarks 
MSC interrupt enable register 0 0026H 











7 6 5 4 3 2 1 0 
Read/Write Aw RW - - - ~ Rw OR 
Initial Value 0 0 0 0 0 0 0 0 

TXINT Inte: TXADY Inte 
Enable Enable 
0 Disable 0. Disable 
1 Enable 1 Enable 
AXINT Interrupt RXROY Interrupt 
Enable Enable 
0. Disable o Disable 
1 Enable 1 Enable 


MSC interrupt enable register 1 0027H Ie Sa 43 2 ' 0 
ieee a 


ABTDE/ 
RW RW 


Inhial Value t) Lv) 0 0 0 0 0 0 









IDL Interrupt Enable CCTS Interrupt Enable | BRKO Interrupt Enable 





0: Disable 0. Disable « Asynchronous mode 
1° Enable 1 Enable 0 Disable 
1 Enable 
UDRN Interrupt Enable ABTD/GAPO Interrupt 
+ Byte/Bit synchronous mode Enable 
0: Disable ° Bit synchronous mode 
1 Enable 0. Disable 
SYNCD Interrupt Enable 1° Enable 
* Byte synchronous mode 
vs oT COCD Interrupt Enable BRKE Interrupt Enable 
FLGD Interrupt Enable «Disable sie rors toes 
* Bit synchronous mode 1 Enable 
ee IDLO Interrupt Enable 
° Bit synchronous mode 
0. Disable 
1’ Enable 


MSCT interrupt enable register 2 0028H - 
(MIE2) 





6 
Pw | 
ee 
| SHATE | 

RW 


2 
RWW 
0 





Read/Wrike RW RW RAW es -_ 
initial Value t) 0 0 0 0 0 
EOM Interrupt Enable CRCE Interrupt Enabie 
* Bit synchronous mode * Byte/dit synchronous mode 
0: Disable 0. Disable 
1: Enable 1: Enable 
OVRN Interrupt Enable 
PMP Interrupt Enable 0: Disable 
* Asynchronous mode 1. Enable 
O° Disable 
1, Enable FRME Interrupt Enable 
¢ Asynchronous mode 
SHRT Interrupt Enable PE interrupt Enable 0. Disable 
¢ Bit synchronous mode « Asynchronous mode 1: Enable 
0: Disable 0: Disable 
1° Enable 1, Enable RBIT Interrupt Enable 


* Bit synchronous mode 
ABT Interrupt Enable 0 Disable 


* Bit synchronous mode 1* Enable 
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@ Built-in Registers (cont.) 


MSCI 


HD641808 





Register 
MSCI frame interrupt enable 
register (MFIE) 


0029H 


MSCI command register 
(MCMD) 


MSCI mode register 0 (MMD0O) 002BH 


Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


Address 


Remarks 








000101: 


000110: 





Read/Write 
Initial Value 0 0 


RW RAW RW OR - 


« Receive Commands 
010001: RX reset 
010010. RX enable 
010011: RX disable 
010100: RX CRC initialization 
010101 Message reject 
010110: Search MP bit 
010111 Exclusion trom AX 
CRC calculation 
011000: Forcing RX CRC 
calculation 


0 0 ) 


ee 


Asynchronous mode 
Byte-sync, 
Mono-sync mode 


001: 


010 


_ 


011. Byte-sync, External 
synchronous mode 
100 Bit-sync, HDLC mode 
101 Bit-syne, Loop mode 
110 Reserved 
111 Reserved ° 


© HITACHI 


0 Auto-enable reset 
1 Auto-enable set 


CRC Calculation Code_ 

* Byte/Bit synchronous 
mode 

0 Disable 

1. Enable 


4 3 2 1 0 
Siaaa 


Rw RW RAW 
0 0 0 


« Other Commands 
100001: Channel reset 
110001. Enter search mode 
000000 No operation 





Stop Bit Length 

° Asynchronous mode 
00 1b 

01 15 bits 

10 2bits 

11 Reserved 


CRC Calculation 

Expression and_ 

intial Value 

» Byte/Bit synchronous mode 
OX CAC-16 

1X: CRC-CCITT 

XO Initial vaiue = all Os 

X1 intial value = all is 
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@ Built-in Registers (cont.) 


MSCI 


Register Address Remarks 


MSCI mode register 1 (MMD1) 002CH Es a Eee Cee Ce 


ReadMWrite RW RW RW RAW RW RW RAW RAYW 
Initial Value 0 0 


mo orc 
. yr oa mode . Ag ee mode 












. rg re mode 90 & bits/character 00 No parity/MP bit 
00 1/1 clock rate 01 7 bits/character 01 MP bit appended 
01 1/16 clock rate 10 6 bits/character (by command) 
10 1/92 clock rate 11 5 bits/character 10 Even parity appended and 
11 1/64 clock rate checked 


11 ys arity appended and 
Receive Character he a is 


Length 

» Asynchronous mode 
00 8 bits/character 
01 7 bits/character 
10 6 bits/character 
11 5 bits/character 


Address Fiaid Check 

* Bit synchronous mode 
00 Address field no-check 
01 Single address 1 

10; Single address 2' 

11 Dual address 


MSCI mode register 2 (MMD2) 002DH 7 6 5 4 3 2 14 0 


ETS 






CNCT1 | CNCTO 





Read/Write RW RW RW RW RAV - RW RW 
Initial Value 0 0 aa ee 
oT Channel Connection 
. Ee 00 Full duplex 
synchronous a Code communications 
mode 01 Auto echo 
0 NRZ ° ee synchronous 10 Reserved 
1 FM mode 11. Local loop back 
° NRZ 
00. NAZ 
01 NRZI 


10 Reserved 


11 Reserved * Byte/Ba synchronous mode 


*FM 00 x8 
00 Manchest 01 x16 
oan 10 
10 FMO 11 Reserved 


11 Reserved 


MSCI control register (MCTL) 002EH 





Read/Write RW - RWW AW RW 
Initial Value 0 0 0 0 
TX Ready State Contro! Send - alae 
0 TXRDY bit goes to 1 + Asynchronous 0 RTSM line at 
when the transmit buffer is an low level 
1. TXRDY bit goes to 1 when On (break send) high level 
the transmit buffer is not full 
idle State Control Geo Active on Poll 
* Byte/Bit synchronous mode + Bit synchronous 
0. Transmits a mark loop mode 
1 Transmits an idle pattern 0° Disable 
1 Enable 
Underrun State Control SYN Character 
* Byte synchronous mode Load Enable 
0 Enters idle state immediately * Byte sync mode 
1 Enters idle state after CRC transmission 0: Disable 
* Bit synchronous mode 1° Eneble 


0° Enters idle state after aborting transmiasion 
1 Enters idle state after FCS and flag transmission 
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M@ Built-in Registers (cont.) 


MSCI 
Register Address Remarks 
MSCI synchronous/address 002FH 


7 
RW Rw FYWw RW Rw RW RW Rw 


Read/Write 











Initial Value ' 1 1 1 1 1 1 1 


SYN Pattern for Reception/Address Field Check 


* Byte synchronous mode 


SYN pattern for reception 
SYN pattern for transmission and reception (bits 7-0 





* Bit synchronous mode 


Address field not checked | Unueed 
| Single address 1s: Bits 7-0 of the secondary station address 


HOLC 
mode | single address 20 | Unued 
Bits 7-0 of the secondary station address 
Adsrens eid ratchecked [Unwed 
Loop 
mode 









Single addrese 1 Bits 7-0 of the secondary station address 
Bits 7~4 of the secondary station address 


| Ouaisddress Bits 7-0 of the secondary station address 















MSCI synchronous/address 0030H 
register 1 (MSA1) 





Read/Write RW 
1 


Intial Vatue 


SYN Pattern for Transmission/Address Field Check 


* Byte synchronous mode 


| Mono-sync | SYN pattern for transmission 
}Bi-sync SYN pattern for transmission and reception (bits 15-8 
SYN pattern for transmission 


* Bit synchronous mode 
Address tield notchecked | Unused 
HOLC | Single address 1 [Unused 
mode | Single address 2 Bits 15-8 of the secondary station address 
Dual address Bits 15—8 of the secondary station address 


Address field not checked 
























Loop 


ea 
Bits 15-8 of the secondary station address 

















MSCTI idle pattern register 0031H 
(MIDL) 





idle Pattern 
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@ Built-in Registers (cont.) 


MSCI 


Register Address Remarks 
MSCI time constant register 0032H é 0 


7 § 4 3 2 1 
fAsyne Twc2 
om STITT 
Bit Sync 
RW 








ReadMWrite Rw RW Rw ORR RW FY 


initial Value 0 0 0 1 


nomena 


Value loaded to the reload timer (1 ~ 256) 


MSCI RX clock source register 0033H 


7 6 5 4 3 2 1 ) 
lAsync RXBR3| AXBR2| RXBR1 |AXBRO 
_ 


Read/Write - RW Rw RW RW RW RW OR 
initial Value t) (0) 0 0 0 0 () 0 
Receive Clock Source Receive Baud Rate 
000° RXCM line inpu « Clock division ratio 
010: RXCM line input (noise suppression) 0000. 1/1 
100 internal baud rate generator (BRG) output O00! 1/2 
110: ADPLL output 0010. 1/4 
(BAG output for ADPLL operating clock) 0011: 1/8 
111° ADPLL 0100. 1/16 
(RXCM line input for ADPLL operating clock) 0101 1/82 
Others: Reserved O110° 1/64 
O111 1/128 
1000: 1/256 
1001 14812 


Cthers: Reserved 


MSCI TX clock source register 0034H 


7 6 5 4 3 2 1 0 
JAsync | Txcs2 TXBR3| TXBR2 TXBRO 

(MTHS) eet Pe 
Read/Write 


- RW RWW Aw OR ORWW ER 
CY] 


initial Value 0 0 0 Q 0 0 0 
Tranamit Clock Source Transmit Baud Rate 
000: TXCM fine input * Clock division ratio 
100. Internal baud rate generator (BRG) output 0000: 1/1 
110, Receiver clock 0001 1/2 
Others: Reserved 0010 1/4 

0011: 14 

0100. 1/16 
0101: 142 
0110 1/464 
04114: 14128 
1000: 1/256 


1001° 1412 
Others: Reserved 


Unused 0035H 
Unused 0036H 
Unused 0037H 
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@ Built-in Registers (cont.) 


ASCI/CSIO 
Register Address Remarks 
ASCI TX/RX buffer register 0038H 


7 6 5 4 3 2 1 0 
Fayne TRB? | TREE Tres || TRe2 TRE: | TRO 
(TRB) 
Read/Write AW oR RW OR RW RW RW RW 


Initial Value x x xX x x x x x 








Transmit/Recewve butfer value 





ASCI status register 0 0039H : er = aren : ; 
[Ase | nov | rxrov 
(STO) ioe Ae io de ee 
Read/Write R R - - - = R R 
initial Value 3 i 0 0 0 ) 3 
TDUNT Interrupt RXINT interrupt RX Ready 
O TX interrupt nct 0: RX interrupt not requested 0° Receive data does not 
1: TX interrupt 1° Receive data oxists 
requested 
TK Ready 
0: Transmit buffer 
mk empty 
1. Transmit butfer 
empty 
ASCTI status register 1 003AH +" Se - : 
[aone a 
(ST1) Bae te 
Read/Write = R - - RW RW RW RW 
inital Value 0 0 0 0 0 0 0 0 
Transmitter idie State 
0 TX not idle 
1: TX idle 
ASCTI status register 2 003BH ail eee eae ee : : 
(ST2) a ea 
ReadMrite i RW ORR OR = : 
intial Value 0 () 0 0 0 0 
Parity/MP Bit r Qverrun Error 
Parity/MP bit value 0 No overrun error detected 
O° Parity/MP bit value 0 1 Overrun error detected 
1, Parity/MP bit value 1 
Eraming Error 
0. No framing error detected 
1 Framing error detected 


Panty Error 
0 No party error detected 
1° Party error detected 
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@ Built-in Registers (cont.) 


ASCI/CSIO 








Register Address Remarks 
ASCI status register 3 003CH 7 6 43 2 ' 0 
fAsync | TXENBL | RXENBL 
(S73) Can Oe aoe ie ie aed a ln la 
Read/Write - - = = R R R R 
Initial Value 0 is) ty) 0 x X 0 ) 
CTSA Input Line Level TX Enable 
0. CTSA line low level 0 Disable 
1 CTSA line high level 1 Enable 
DCDA Input Line Level RX Enable 
0: OCDA kine low level : sig 


Unused 003DH 


ASCI interrupt enable register 0 OO3EH 
(TEO) 


ASC interrupt enable register 1 003FH 
(1E1) 


682 





1 DCDA Ine high level 


7 6 5 4 3 2 1 0 
async | TXINTE | RXINTE TXRDYE 
ReadWrite Rw RW - - - - RW RW 

0 


initial Value 0 0 0 0 0 0 0 


TXINT Interrupt Enable TXRDY Interrupt Enable 


0 Disable 0 Drsable 
1 Enable 1 Enable 
RXINT Interrupt Enable 
Q Disable 
1 Enable 


RXRDY interrupt Enable 
0 Disable ==—~CS* 
1 Enable 


7 6 5 4 3 2 1 0 
fAsync IDLE CCTSE 
ho ee 
RW 2 - RW RW RW ORM 





Read/Write - 
Initial Value 0 0 0 0 0 0 0 0 
IDL Interrupt Enable CCTS Interrupt BRKD Interrupt 
0. Oreable Enable Enable 
1 Enable 0 Disable « Asynchronous 
1. Enable mode 
0 Disable 
1 Enable 


CDCOD Interrupt Enable 

0 Disable 

1: Enable BAKE Interrupt Enable 

« Asynchronous 
mode 


0 Disable 
1. Enable 
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HD64180S 
@ Built-in Registers (cont.) 
ASCI/CSIO 


Register Address Remarks 
ASCI interrupt enable register 2 0040H 


7 8 § 4 3 2 1 ce) 
(IE2) Se enn 
Read/Wrie - RW RW RW RW ~ i me 
initial Value 0 0 0 Q 0 0 0 0 
PMP interrupt Enable OVRN Interrupt Enable 
0: Disable 0. Olsable 
1° Enable 1: Enable 


PE Interrupt Enable FRME Interrupt Enable 
0° Disable 











¢ Asynchronous mode 
1: Enable 0. Disable 
1: Enable 
Unused 0041H 
ASCI command register 0042H a ESeee a ee ee 
oMor 
(CMD) aa 
Read/Write - ~ Ww Ww WwW Ww Ww w 
intial Value - - - - = a on pa 
° Transmit commands * Receive commands ¢ Other commands 
000001. TX reset 010001: RX reset 100001: Channel reset 
000010° TX enable 010010. RX enable 000000" No operation 
000011. TX disable 010011: RX disable Others: Reserved 
001000° MP ba on 010110: Search MP bk 
001001: TX buffer clear 
ASCI mode register 0 0043H ome: s s 3 2 1 0 
[stort | stom | 
oe Pena 
Read/Write Rw RW RW Rw - - RW RW 
Qo 0 0 | 0 0 ] t+] 
000: cols mode 0: Auto-enable function not used Sipe Borat mode 
110: Clocked serial mode 1 Auto-enable function 00: 1 bk 
Other values are reserved 10: 2 bits 
° Clocked serial 
Reserved 
ASCI mode register 1 0044H 7 6 Us 43 2 1 0 
BRATEO RXCHR1 | RXCHRO 
ap} Sato el re 
Read/Write RW RAW RW RW RW RW RW RW 
initial Value 0 ] 0 0 0 0 0 0 
Bk Rate 
As mode 


* Asynchronous 

00: 1/1 of clock rate 
01: 1/16 of clock rate 
10: 1/32 of clock rate 





11: 1/64 of clock rate : No parky: 
« Clocked serial mode : 
T he bbe set to 00. =A MP bh appended (valve specified by command) 
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HD641808 


@ Built-in Registers (cont.) 











ASCI/CSIO 
Register Address Remarks 
ASCI mode register 2 0045H a a a ae cee 10 
, [Ame | 
ee) 
Read/Wike - - - - - - RW ad 
Inkial Value 0 0 0 0 0 0 0 0 
00" Full duplex 
10: Reserved 
11: Local loop-back 
ASCI control register 0046H 7 6 5 4s 3 ' 0 
CTL [Aer 
oe 
Read/Write - - a ag RW = = Rw 
initial Value 0 0 0 LY) 0 (] 0 | 
Break Send Request to Send 
+ Asynchronous mode 0: RYSA low level 
{On (Brecksend) 4, RTS high val 
+ Clocked serial mode output 
Set this bit to 0 
Unused 0047H 
Unused 0048H 
Unused 0049H 
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@ Built-in Registers (cont.) 


ASCI/CSIO 


HD641808S 








Register Address Remarks 
ASCI time constant register 004AH 
(TMC Seal ala al 


ASCI RX clock source register O04BH 
(RXS) 


ASCI TX clock source register 004CH 


Read/Write RW RW RW 
Initial Value 


Reload Timer Value (1 — 256) 


7 6 5 4 3 2 1 0 
ee ~ femme fm] - tL - [| 
Read/Write - RW RW RW - - 7 as 
Initial Value 


Receive Clock Source RX Master/Siave Mode Select 
¢ Asynchronous mode * Clocked serial mode 

000 RXCA line input 000 Slave mode 

100 Internal baud rate generator 100 Master mode 


(BRG) output Othera: Reserved 
Others Reserved 


a el ole 











(TXS) 
Read/Write 
inital Value 0 
Se ee 
Transmit Clock Source Baud Rate 
s oeere mee Soper rol aa 
000 ine 
100: posted paul = Dy Master Slave Mode Selec Mode Select 0001 1/2 0110 1/84 
0010 1/4 0111 1/128 
pray 000 0 Slave mode 0011 1/8 1000 1/256 
Others Reserved 100 Master mode 0100 1/16 1001 1412 
Others. Reserved Others Reserved 
Unused 004DH 
Unused 004EH 
Unused 004FH 
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HD641808S 


@ Built-in Registers (cont.) 











Timer (channel 0) 

Register Address Remarks 

Timer up-counter channel 0 0050H 76 s 4 3 2 1 0 

(TCNT channel 0) es ee a ee ae 
Read/Write RW RW RW RW RW RW RW RAW 
Inkial Value 0 0 0 0 0 0 0 0 

Timer constant register 0051H Z : : : : : : : 

channel 0 (TCONR channel 0) Dn eae . mA : * 


Timer control/status register 0052H 


channel 0 (TCSR channel 0) _ hee 





Read/Write R 
inkial Value 0 0 t') 0 0 0 0 
Compare Match Fiag ‘Timer Enable input Clock Select 
0, TCNT and TCONR 0: pace stop ie 
are not equal us int start 1; 
1 TONT and TCONR 10: BC/128 
are equal 11: External event 
count signal 
CMF Interrupt Enable Timer Output Select 
: 00° Output fixed to 0 
: eeraeg 01. Toggled output 
. 10° Output 0 
11° Output 1 


Timer expand prescale register 0053H Est é 4 3 2 0 
channel 0 (TEPR channel 0) Aiea 
intial Value 0 0 0 0 0 0 t?) 0 


Sn ian 


Enable Ex Prescaler Expand Clock input Select 
0. Clock is selected by the CKS1-0 bits in TCSR 000. BC 
1: Clock is selected by the ECKS2-0 bits in TEPR 001: BC/2 

010° BC/4 

011, BC/e 

100: BC/16 

101 BC/32 

110: BC/64 

191° 80/128 
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@ Built-in Registers (cont.) 


Timer (channel 1) 


HD641808 











Register Address Remarks 

Timer up-counter channel 1 0054H 7 é s 4 3 2 0 

(TCNT channel 1) (a (Race (aa A a a a 
Read/Write RW RW RW RW RW RW RW RW 
intial Value 0 0 0 0 0 0 0 0 

Timer constant register 0055H z : : : : : : 

channel 1 (TCONR channel 1) Sites ae ; : 7 n : . 


Timer control/status register 0056H 
channel 1 (TCSR channel 1) 


Timer expand prescale register 0057H 
channel 1 (TEPR channel 1) 





7 6 § 4 3 2 1 0 
see [ow [oon | - [we [oo Pom [os] oo] 
Read/Write R RW - RW RAW RW RW Rw 


{nitial Value 0 0 0 ty) te) Q 0 ) 


Compare Match Flag Timer Enable input Clock Select 
0 TCNT and TCONR 0 Count stop 00 BC 
are not equal 1 Count start 01 BC/8 
1 TCNT and TCONR 10. BC/128 
are equal 11° External event 
count signal 
CMF Interrupt Enable Timer Select 
00 Output fixed to 0 
1 Enoble 01 Toggied output 
10 Output 0 
11 Output 1 





7 8 § 4 3 2 1 0 
ome oT [~~ | [on] ea] oe 
Read/Write RW - ~ - - RW RW RW 
Intial Value 0 0 0 i¢) 0 0 0 0 


Sana nena 


Enable Expand Prescaler Expand Clock Input Select 


0 Clock 1s selected by the CKS1-0 bits in TCSR 000 BC 

1 Clock ts selected by the ECKS2-0 bits in TEPR 001 BC/2 
010 8C/4 
o11 BCS 
100 BC/16 
101 BC/32 
110 BC/64 
114 BC/128 
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@ Built-in Registers (cont.) 


DMAC (channel 0) 

Register Address 
Destination address register 0058H 
L channel 0/buffer address 

register L channel 0 

(DARL channel 0/ 

BARL channel 0) 


Destination address register 0059H 
H channel 0/buffer address 

register H channel 0 

(DARH channel 0/ 

BARH channel 0) 


Destination address register 005AH 
B channel 0/buffer address 

register B channel 0 

(DARB channel 0/ 

BARB channel 0) 


Source address register 00SBH 
L channel 0 (SARL channel 0) 


Source address register 005CH 
H channel 0 (SARH channel 0) 


Source address register 005DH 
B channel 0/chain pointer base 

channel 0 (SARB channel 0/ 

CPB channel 0) 


Remarks 


23 16] 15 817 0 


Single-block transfer mode 
(dual address) 


Single-block transfer mode 
(single address) ' 
Chained-block transfer ° 
rower etanne | unnes | eare 





23 16 115 8i7 0 


Single-block transfer mode 
(dual address) 

Single-block transfer mode 

(single address) 

Chained-block transfer 

mode 
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@ Built-in Registers (cont.) 


DMAC (channel 0) 
Register 

Current descriptor address 
register L channel 0 
(CDAL channel 0) 


Address 
005EH 


Current descriptor address 00SFH 
register H channel 0 


(CDAH channel 0) 


Error descriptor address register 0060H 
L channel 0 (EDAL channel 0) 


Error descriptor address register 0061H 


H channel 0 (EDAH channel 0) 

Receive buffer length L 0062H 
channel 0 (BFLL channel 0) 

Receive buffer length H 0063H 
channel 0 (BFLH channel 0) 


Byte count register L channel0Q 0064H 
(BCRL channel 0) 


Byte count register H channelO0 0065H 
(BCRH channel 0) 


Unused 
Unused 


0066H 
0067H 


HD641808 





Remarks 


15 617 0 


Single-biock transfer mode 
(dual address) 
Single-block transfer mode 
(single address) 


Chained-biock transfer 
mode 








Single-biock transfer mode 
(dual addre 
add 


’ ‘ 

Y 
‘ rf 
‘ ' 












Single-biock transfer mode 


88) 
(single address) 


Chained-biock transter ‘ 
winds EDAH ‘ EDAL 


Single-block transfer mode : 
(dual address) : 
Unused : Unused 
Singte-block transfer mode : 
(single address) ‘ 
Chamned-block | Memory to MSC! | Unused . Unused 
transfer mode TUSCito memory | eH Fut 









Single-block transfer mode 
(dual address) 


Single-block transfer mode 
(single address) 
Chained-biock transfer 
mode 
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HD641808S 





@ Built-in Registers (cont.) 


DMAC (channel 0) 
Register Address Remarks 


DMaA status register channelO 0068H 
eee eee -biock transfer 
mode (dual address) 
Single-biock transfer 
| mode (single address) 
== 













(DSR channel 0) 





3 2 1 0 








Read/Write RW RW RW RW - Ww 
Initial Value 0 0 0 0 0 0 0 1 
End of Transfer Counter Overllow DMA Enable 
O Transfer not completed  Chained-biock transfer 0: Disable 
1 Transfer completed 0: Error not detected 1: Enable 
1. Error detected 
Butter Overtlow/Underflow DE Bit Write Enable 
* Chained biock transfer 0 Enable 
0: Error not detected 1. Disable 
1 Error detected 
End of Frame Transter 
¢ Chained-block transfer 


0° Frame transfer not completed 
1. Frame transfer completed 


DMA mode register A 0069H i 


mode (dual address) 
channel 0 (DMRA channel 0) sere | inaeis 
mode (single address) 
















Read/Write RW RW RW RAW RW RW RAW RW 
intial Value 0 0 0 0 0 
DREG Input Mode 





DMA Transfer Request OMA Transter Direction 









* Single-block 
Source » Single-block (dual address) 
00 External line (single address) 0° DREQ level sensitive 
01: Reserved Chained-biock modes 1: DREQ edge sensitive 
10: MSCI 0: MSCI to memory * Single-biock 
11° Reserved 1 Memory to MSC! (single address)/ 
Chained-block modes 
Set this bit to 0 
DMA Transfer Mode Frame-End Interrupt-Counter Enable/ 
00° Single-biock transfer Disable 
(single address) tee 
01, Chained-biock transfer + Single-block transfer 
10: Single-block transter (single/dual address) 
(dual address) Set this bit to 0. 
11: Reserved ¢ Chained-biock transffer 


0. Frame-end interrupt-counter disabled 
1 Frame-end interrupt-counter enabled 


Number of DMA Frames_ 
« Chained-diock transfers 


0 Single frame 
1 Mutti-frame 


DMA mode register B 006AH 
channel 0 (DMRB channel 0) mode (Sul escent) 





2 1 0 
Single-block transfer 
mode (single address) 
ere transfer 
Read/Write RAV “RW RW RAW RW 
Inital Value 0 0 0 1 1 0 0 0 


ne . 


Destination (address increment or decrement) Source (address increment or decrement) 


+ Single-block (dual address) * Single-block (dual address) 

00: Memory (+1) 00: Memory (+1) 

01: Memory (~1) 01: Memory (~1) Mode for Memory-to-Me 

10: Memory (fixed) 10: Memory (fixed) transters 

2 VO (fhe 11. VO (fix 

Meee ee mee * Single-block (dual address) 
0: Cycle steal mode 
1: Buret mode 
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HD641808 


@ Built-in Registers (cont.) 


DMAC (channel 0) 
Register Address Remarks 








Frame-end interrupt-counter 006BH 
Single-block transfer 


channel 0 (FCT channel 0) mode (dual address) 


Single-block transfer 


mode (single address) 


Chained-block transfer 
mode 


Read/Write - - - = R R R R 
Initial Value 0 0 0 0 0 0 0 0 





DMA interrupt enable register O06CH 


Singte-block transfer 
channel 0 (DIR channel 0) Sane 
rite (single address) EOTE 
RW RW RW 
0 9 0 





Chained-biock transfer 
mode 








Read/Write RW ~- = a pa 
Initial Value 0 0 0 0 
Transfer End Interrupt Counter Overton: 
Enable interrupt Enable 
© Disable * Chained-block transfer mode 
1 Enable 0° Disable 
1 Enable 
Buffer Overtlow/Underflow 
F Transfer End | Interrupt Enable 
Enable + Chained-block transfer mode 
0 Disabie 
« Chained-block transfer mode 
0 Disable 1 Enable 
1 Enable 3 


DMA command register 006DH 


channel 0 (DCR channel 0) 


Single-biock transfer 
mode(single address) 
ger block transfer 





Read/Write - - pa mo - Ww Ww 
Initial Vatue - = - - 7 - = - 
Command Specification 
01 Software abort 
10: Frame-end interrupt- 
counter: 
Others: Reserved 
Command Name Function 
Software abort (01H) Initializes the corresponding DMAC channel (see figure 6-2). All 
DMAC registers maintain their previous value. 
Frame-end interrupt - Clears the frame-end interrupt-counter (FCT) of the corresponding 
counter-clear (02H) DMAC channel to OH and the EOM bit in the DSR to 0. 


Unused 006EH 
Unused 006FH 
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HD641808S 


@ Built-in Registers (cont.) 


DMAC (channel 1) 
Register 

Destination address register 
L channel 1/buffer address 
register L channel 1 (DARL 
channel 1/BARL channel 1) 


Destination address register 
H channel 1/buffer address 
register H channel 1 (DARH 
channel 1/BARH channel 1) 


Destination address register 
B channel 1/buffer address 

register B channel 1 (DARB 
channel 1/BARB channel 1) 


Source address register 
L channel 1 (SARL channel 1) 


Source address register 
H channel 1 (SARH channel 1) 


Source address register 

B channel 1/chain pointer base 
channel 1 (SARB channel 1/ 
CPB channel 1) 


Current descriptor address 
register L channe! 1 
(CDAL channel 1) 


Current descriptor address 
register H channel 1 


(CDAH channel 1) 


692 


Address Remarks 


0070H 


23 16] 15 817 Q 


Single-block transfer mode 
(dual address) 
Single-block transfer mode 
(single address) 
Chained-block transfer 


0071H made 





0072H 


0073H 8 HM L 


23 16415 8\7 0 


Single-block transfer mode 
(dual address) 


Single-block transfer mode 
| (single address) 
ee transfer Cpe 





0075H 


0076H 


15 8j7 0 









Single-block transfer mode : 
(dual address) Unused 
Single-block transfer mode ' 
(single address) ‘ 
Chained-block transfer CDAH : CDAL 
mode ' 


Unused 


0077H 
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@ Built-in Registers (cont.) 


DMAC (channel 1) 

Register Address 
Error descriptor address register 0078H 
Lchannel 1 (EDAL channel 1) 


Error descriptor address register 0079H 
H channel 1 (EDAH channel 1) 


Receive buffer length L 007AH 


channel 1 (BFLL channel 1) 


Receive buffer length 007BH 
H channel 1 (BFLH channel 1) 


Byte count register L channel 1 007CH 
(BCRL channel 1) 


Byte count register H channel 1 007DH 
(BCRH channel 1) 


Unused 007EH 
Unused 007FH 


DMaA status register channel 1 0080H 
(DSR channel 1) 


HD641808 


Remarks 





Single-block transfer mode 
(dual address) 
Single-block transfer mode 
(single address) 


Chained-block | Memory io MSC] 
transter mode 





Single-block transfer mode 
(dua! address) 
Single-block transfer mode 
(aingle address) 


Chained-biock transfer 
mode 





Single-block transfer 
mode (dual address) 
Single-biock transter 
mode (single address) 


Chained-biock transfer 
mode 





RW 
(0) 
End of Transter Counter Ovartiow DMA Enable 
0: Transfer not completed « Chained-biock transfer 0: Disable 
1: Transter completed 0: Error not detected 1: Enable 
1: Error detected 
Butter Overliow/Underfiow OE Bk Write Enable 
Chained block transfer 0° Enable 
0: Error not detected 1: Disable 
1: Error detected 
End of Frame Transter 
* Chained-biock transter 


0 Frame transfer not completed 
1: Frame transfer completed 
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HD641808 
@ Built-in Registers (cont.) 


DMAC (channel 1) 


Register Address Remarks 
DMA mode register A channel 1 0081H 


Single-block transter 
(DMRA channel 1) =e = 
recs | nacio 


Read/Write RW RW RW RW RW 
Initial Value ) 0 0 0 



























ee aoe DREQ Input Mode 
OMA Transfer Request 
Se ler Request DMA Transfer Direction « Single-block 
ea « Single-block (dual address) 
00: External line (single address) 0. DREQ level sensitive 
01 Reserved Chained-block modes 1’ DREQ edge sensitive 
10 MSC! © MSCito memory * Single-block 
11. Reserved 1; Memory to MSC! (single address)/ 
Chained-biock modes 
Sat this bit to 0 
DMA Transfer Mod 
an Transits Frame-End Interrupt-Counter Enable/ 
00: Single-block transfer Disable 
(single address) Ta Lak 
01 Chained-block transfer * Single-block transfer 
10. Single-block transfer (single/dual address) 
(dua! address) Set this bit to 0 
11 Reserved + Chained-block transffer 


0: Frame-end interrupt-counter disabled 
1 Frame-end interrupt-counter enabled 


Number of DMA Frames 
* Chained-dlock transfers 


0 Single frame 
1 Muki-frame 


DMA mode register B channel 1 0082H 
(DMRB channel 1) 





Read/Write ~ i = 


Inital Value 0 o 0 


Destination (address increment or decrement) Source (address increment or decrement) 


* Single-block (dual address) * Single-block (dual address) 

00 Memory (+1) 00 Memory (+1) 

01, Memory (-1) 01; Memory (-1) Mode for Memory-to-Memory 
10. Memory (fixed) 10: Memory (fixed) ransfors 

11 VO (fixed) 11 VO (fixed) 


* Single-block (dual address) 
0 Cycle steal mode 
1: Buret mode 


Frame-end interrupt-counter 0083H 
channel 1 (FCT channel 1) 


Single-block ler 
mode (single address) 
Chained-biock transfer 
mode 


Initial Value 0 0 0 0 0 0 0 0 





Frame-End Interrupt-Counter Value 
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@ Built-in Registers (cont.) 





HD641808 


DMAC (channel 1) 


Register 
DMaA interrupt enable register 
channel 1 (DIR channel 1) 


DMA command register 
channel 1 (DCR channel 1) 


Unused 
Unused 


Reserved 


Hitachi America, Ltd. © Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


Address 
0084H 


0085H 


0086H 
0087H 


0088H 


0OODFH 





Remarks 


Single-block transfer 
mode (dual address) 


Single-biock transter 
mode (single address) 





Chained-block transfer 
mode 








Read/Write RW - ~- 2 ee 
intial Vaiue 0 0 0 
Transter End Interrupt Counter Overtiow 
Enabie Interrupt Enable 
0 Disable + Chained-biock transter mode 
1 Enable 0 Disable 
1 Enable 
Butfer Overtlow/Undertlow 
Interrupt Enable 
Enable » Chained-biock transfer mode 
0 Disable 
* Chained-biock transfer mode 
0 Disable 1 Enable 
1 Enable 


Single-biock transfer 
mode(dual address) 


Single-biock transfer 
mode(single address) 





Chained-block transfer 

mode 

Read/Write a = = a = a w w 

Initial Vaive os a = = ml se = = 
Command Specification 
01: Software abort 
10: Frame-end interrupt- 

counter-ciear 
Others: Reserved 
Command Name Function 


Software abort (01H) Initializes the corresponding DMAC channel (see figure 6-2). All 
DMAC registers maintain their previous value. 
Clears the frame-end interrupt-counter (FCT) of the corresponding 


DMAC channel to 0H and the EOM bit in the DSR to 0. 


Frame-end interrupt - 
counter-clear (02H) 
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Built-in Registers (cont.) 


External I/O (LOW) 
Register Address Remarks 
IOL 0OEOH 
| 
OOEFH 
External I/O (HIGH) 
Register Address Remarks 
IOH OOFOH 
| 
FFFFH 
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HD641180X, HD643180X, HD647180X— 
MCU (Micro Controller Unit) 


@ DESCRIPTION 

The HD643180X provides instruction compatibility with the 
HD64180 and incorporates a 16-kbyte Mask ROM, 512-byte RAM, 
memory management unit (MMU), DMA controller, timer, asyn- 
chronous serial communications interface (ASCI), clocked serial 
I/O ports (CSI/O), analog comparator and parallel I/O pins on a 
single chip. 

The HD647180X incorporates a 16-kbyte PROM instead of mask 
ROM. 

The internal PROM can be programmed and verified under the 
same specifications as the 27256 type EPROM (V pp!2.5V) using a 
general-purpose PROM writer. 

In addition, the HD643180X and HD647180X are functionally 
identical except for their internal ROMs. 

The HD641180X functions in the same way as the HD643180X or 
HD647180X, except that the HD641180X has no internal ROM. 


@ FEATURES 


Software 
e Instruction set compatible with the HD64180 


Hardware 


e 16-kbyte ROM (HD643180X and HD647180X) and 512-byte 
RAM 

e Timer 

—One-channel 16-bit timer with input capture, output 
compare, and timer overflow functions 

—Two-channel 16-bit reload timer 

Six-channel analoag comparator 

54 parallel I/O pins 

—Includes eight high current pins (Io. = 1OmA) 

MMU with 1-Mbyte memory physical address space 

Two-channel DMA controller 

Two-channel ASCI 

One-channel CSI/O 

Four external and eleven internal interrupts 

DRAM refresh controller and low speed memory, I/O 

interface 

Operating frequency up to 8 MHz (¢ clock) 

Low power operation 

Four operation modes (HD643180X and HD647180X) 

—Mode 0: single-chip mode 

—Mode |: expanded mode (internal ROM disabled) 

—Mode 2: expanded mode (internal ROM enabled) 

—Mode 3: PROM programming mode (HD647180X only) 

Internal ROM data protect function (HD647180X only) 

Packages 

—80-pin quad flat package 

—84-pin plastic leaded chip carrier 

—90-pin dual inline package 


m@ BLOCK DIAGRAM 

The HD647180X combines a high-performance CPU core with 
many of the systems and I/O resources required by a broad 
range of applications (figure 2). 


The CPU core consists of five functional blocks 
¢ Clock generator 

¢ Bus state controller 

e Interrupt controller 

¢ Memory management unit (MMU) 

® Central processing unit (CPU) 


The Integrated I/O resources comprise the remaining four 
functional blocks. 

¢ DMA controller (DMAC: two channels) 

e Asynchronous serial communication interface (ASCI: two 
channels) 

Clocked serial I/O port (CSI/O. one channel) 
Programmable reload timer (PRT. two channels) 
Programmable timer 2 (PT2° one channel) 

Analog comparator (s1x channels) 

I/O ports 


The memory consists of: 

¢ RAM (512 bytes) 

e PROM (16 kbyte). HD647180X 

¢ Mask ROM (16 kbyte): HD643180X 
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HD641180X, HD643180X, HD647180X 


(FP-80B) (CP-84) 





(DP-90S) (CG-84) 
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HD641180X, HD643180X, HD647180X 





m@ Pin Assignment 


Figure 1 shows a top view of the HD641180X, HD643180X and HD647180X packages. Table 1 
shows the pin functions in the four modes. 


cr i Oa aa Sa Ne 
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701) RXS/TTS1/PAa 


sal] CKA, ‘TENDo/PA2 
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nf{_] CKS/PAs 
701_] RXS/CTS1/PAa 
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CKA1/TEND 0/PA2 
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56 _] PGs/ANs 
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a a a 2 ea 
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Note) NC: Not connected. Please leave the NC pins open. 
Note) CG-84: HD647180X only 





Figure 1. Pin Assignment 
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Figure 2. Block Diagram (HD643180X, HD647180X) 
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Table 1 Pin Function (HD643180X, HD647180X) 
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— No function 
For the HD641180X pin function, please refer to table heading Operation Mode 1. 
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Table 1 Pin Function (HD643180X, HD647180X) (cont.) 


Operating Operating Mode 3 
FP-80B CG-84 DP-90S Mode 0 Mode 2 (HD647180X 
CP-84 only) 
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@ CPU Architecture 


The five CPU core functional blocks are described in this section. 
Clock Generator 


The clock generator generates the system clock (#) from an external crystal or ex- 
ternal clock input. Also, the system clock is programmably prescaled to generate 
timing for the on-chip I/O and system support devices. 


Bus State Controller 


The bus state controller performs all status/control bus activity. This includes exter- 
nal bus cycle wait state timing, RESET, DRAM refresh, and master DMA bus ex- 
change. Generates ‘dual-bus’ control signals for compatibility with peripheral de- 
vices. 





Interrupt Controller 


The interrupts controller monitors and prioritizes the four external and eight internal 
interrupt sources. A variety of interrupt response modes are programmable. 


Memory Management Unit (MMU) 

Maps the CPU 64-kbyte logical memory address space into a 1-Mbyte physical 
memory address space. The MMU organization preserves software object code com- 
patibility while providing extended memory access and uses an efficient ‘common 
area—bank area’ scheme. I/O accesses (64-kbyte I/O address space) bypass the 
MMU. 

Central Processing Unit (CPU) 

The CPU is microcoded to implement an upward-compatible superset of the 8-bit 
standard software instruction set. Many instructions require fewer clock cycles for 
execution and seven new instructions are added. 


Mode Selection 


Mode program pins, MPo and MP: determine the operation mode of the LSI (table 
4). 


m@ 1/O Resources 


DMA Controller (DMAC) 


The two channel DMAC provides high speed memory to/from memory, memory 
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to/from I/O, and memory to/from memory-mapped I/O transfers. The DMAC fea- 
tures edge or level sense request input, address increment/decrement/no-change 
and (for memory to/from memory transfers) programmable burst or cycle steal 
transfer. In addition, the DMAC can directly access the full 1-Mbyte of physical 
memory address space (the MMU is bypassed during DMA) and transfers (up to 
64-kbyte in length) can cross 64-kbyte boundaries. 


Asynchronous Serial Communication Interface (ASCl) 


The ASCI provides two separate full-duplex UARTs and includes a programmable 
baud rate generator, modem control signals, and a multiprocessor communication 
format. The ASCI can use the DMAC for high-speed serial data transfer, reducing 
CPU overhead. 


Clocked Serial I/O Port (CSI/O) 


The CSI/O half-duplex clocked serial transmitter and receiver can be used for sim- 
ple, high-speed connection to another microprocessor or microcomputer. 


Programmable Reload Timer ( PRT) 


The PRT contains two separate channels, each consisting of 16-bit timer data and 
16-bit timer reload registers. The time base is the system clock divided by 20 (fixed) 
and PRT channel | has an optional output allowing waveform generation. 


Programmable Timer 2 (PT2) 


The PT2 16-bit programmable timer can measure an input waveform and generate 
two independent output waveforms. The pulse widths of both input/output wave- 
forms vary from microseconds to seconds. 


Analog Comparator 


The HD641180X/HD643180X/HD647180X provides an analog comparator with 6 
channels. Each channel can be programmed as a reference voltage (Vref) input pin 
or a compared voltage (Vin) input pin. 


Input Output Port (I/O Port) 


The HD643180X/HD647180X provides seven I/O ports. (port A—G). Each port 
consists of a data direction register (DDR) to determine the directions of the in- 
dividual pins, an output data register (ODR) to hold output data and an input data 
register (IDR) to latch input date. However, Port G does not have a DDR or ODR since it is an 
input-only port. 
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@ Pins Signal Description 


XTAL, EXTAL: Crystal (Input) 
XTAL and EXTAL are the crystal oscillator connections. An external TTL clock 


can be input on EXTAL. XTAL should be left open if an external TTL clock is 
used. Note that XTAL. XTAL is schmitt triggered. See DC characteristics. 


¢ (OUT) 


@ is the system clock output. Its frequency is equal to one-half of the crystal oscilla- 
tor’s. 


RESET: CPU Reset (Input) 


When RESET is low, it initializes the HD641180X/HD643180X/HD647180X CPU. 
All output signals are held inactive during reset. 


Ao-Ai9: Address Bus (Output, Three-State) 

The address bus enters the high-impedance state during reset and when another de- 
vice acquires the bus as indicated by BUSREQ and BUSACK low. During reset, the 
address function is selected. 


D,-D,;: Data Bus (Input/Output, Three-State) 


The bidirectional 8-bit data bus enters the high-impedance state during reset and 
when another device acquires the bus as indicated by BUSREQ and BUSACK low. 


RD: Read (Output, Three-State) 


During a CPU read cycle, RD enables transfer from the external memory or I/O 
device to the CPU data bus. 


WR: Write (Output, Three-State) 


During a CPU write cycle, WR enables transfer from the CPU data bus to the ex- 
ternal memory or I/O device. 


ME: Memory Enable (Output, Three-State) 


ME indicates memory read or write operations. The HD641180X/HD643180X/ 
HD647180X asserts ME low in the following cases. 
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When fetching instructions and operands 
When reading or writing memory data 
During DMA memory access cycles 
During dynamic RAM refresh cycles 


1OE: 1/O Enable (Output, Three-State) 


JOE indicates I/O read or write operations. The HD641180X/HD643180X/ 
HD647180X asserts IOE low in the following cases: 

When reading or writing I/O data 

During DMA I/O access cycles 

During INTo acknowledge cycle 





WAIT: Bus Cycle Wait (Input) 


WAIT introduces wait states to extend memory and I/O cycles. If low at the falling 
edge of Tz, a wait state (Tw) is inserted. Wait states will continue to be inserted 
until the WAIT input is sampled high at the falling edge of Tw, at which time the 
bus cycle will proceed to completion. 





E: Enable (Output) 


E is a synchronous clock for connection to HD63%X X series and other 6800/6500 
series compatible peripheral LSIs. 


BUSREQ: Bus Request (Input) 


Another device may request use of the bus by asserting BUSREQ low. The CPU 
will stop executing instructions and place the address bus, data bus, RD, WR, ME, 
and IOE in the high-impedance state. 





BUSACK: Bus Acknowledge (Output) 

When the CPU completes bus release (in response to BUSREQ low), it will assert 
BUSACK low. This acknowledges that the bus is free for use by the requesting de- 
VICe. 


HALT: Halt/Sleep Status (Output) 


HALT is asserted low after execution of the HALT or SLP instructions. Used with 
LIR and ST output pins to encode CPU status (table 2). 


LIR: Load Instruction Register (Output) 


LIR is asserted low when the current cycle is an opcode fetch cycle. Used with 
HALT and ST output pins to encode CPU status (table 2). 
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ST: Status (Output) 

ST is used with the HALT and LIR output pins to encode CPU status (table 2). 
Table 2 Status Summary 


ST HALT LIR Operation 


0 1 0 CPU operation 
(1st opcode fetch) 
1 1 O CPU operation 


(2nd opcode and 
3rd opcode fetch) 


1 1 1 CPU operation 
(MC except for opcode fetch) 
0 Xx 1 DMA operation 
O 0 0 Halt mode 
1 0 1 Sleep mode (including 


System stop mode) 


Note X: Don't care 
MC: Machine cycle 


REF: Refresh (Output) 


When low, REF indicates that the CPU is in a dynamic RAM refresh cycle and the 
low-order 8 bits (Ao-A7z) of the address bus contain the refresh address. 


NMI: Non-Maskable Interrupt (Input) 


When high to low is detected, it forces the CPU to save certain state information 
and vector to an interrupt service routine at address 0066H. The saved state infor- 
mation is restored by executing the RETN (return from non-maskable interrupt) in- 
struction. , 


INT,: Maskable Interrupt Level 0 (Input) 


When low, INTo requests a CPU interrupt (unless masked) and saves certain state 
information unless masked by software. INTo requests service using one of three 
software programmable interrupt modes (table 3). 
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Table 3 Interrupt Modes 


Mode Operation 

O Instruction fetched and executed from data bus 

1 Instruction fetched and executed from address O0038H 

2 Vector system: Low-order 8 bits of vector table address fetched from data bus 


In all modes, the saved state information is restored by executing the RETI (return 
from interrupt) instruction. 


INT,, INT,: Maskable Interrupt Levels 1, 2 (Input) 


When low, INT: and INT2 request a CPU interrupt (unless masked) and save cer- 
tain state information unless masked by software. INT: and INT» (and internally 
generated interrupts) request interrupt service using a vector system similar to mode 
2 of INTo. 








DREQ, DMA Request—Channel 0 (Input) 


DREQo low (programmable edge or level sense) requests DMA transfer service 
from channel 0 of the HD641180X/HD643180X/HD647180X DMAC. DREQo is 
used for channel 0 memory to/from I/O and memory to/from memory-mapped I/O 
transfers. DREQo is not used for memory to/from memory transfers. This pin is 
multiplexed with CKAo. 








TEND,: Transfer End—Channel 0 (Output) 


TENDo is asserted low synchronous with the last write cycle of channel 0 DMA 
transfer to indicate DMA completion to an external device. This pin is multiplexed 
with CKA. 





DREQ,: DMA Request—Channel 1 (Input) 
DREQ: low (programmable edge or level sense) requests DMA transfer service 


from channel 1 of the HD641180X/HD643180X/HD647180X DMAC. Channel 1 
supports memory to/from I/O transfers. 


TEND,: Transfer End— Channel 1 (Output) 


TEND: is asserted low synchronous with the last write cycle of channel 1 DMA 
transfer to indicate DMA completion to an external device. 
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TXA,: Asynchronous Transmit Data—Channel 0 (Output) 


TXAo is the asynchronous transmit data from channel 0 of the asynchronous serial 
communication interface (ASCI). 


RXA,: Asynchronous Receive Data—Channel 0 (Input) 
RXAo is the asynchronous receive data to channel 0 of the ASCI. 
CKA,: Asynchronous Clock—Channel 0 (Input/Output) 


CKAbo is the clock input/output for channel 0 of the ASCI. This pin is multiplexed 
(software selectable) with DREQo. 





RTS,: Request to Send—Channel 0 (Output) 

RTSo is the programmable modem control output signal for channel 0 of the ASCI. 
CTS,: Clear to Send—Channel 0 (Output) 

CTSo is the modem control input signal for channel 0 of the ASCI. 
DCD,: Data Carrier Detect—Channel 0 (Output) 

DCDo is the modem control input signal for channel 0 of the ASCI. 
TXA,: Asynchronous Transmit Data—Channel 1 (Output) 

TX Aji 1s the asynchronous transmit data from channel 1 of the ASCI. 
RXA,: Asynchronous Receive Data—Channel 1 (Input) 

RXAji is the asynchronous receive data to channel 1 of the ASCI. 
CKA,: Asynchronous Clock—Channel 1 (Input/Output) 


CKAi is the clock input/output for channel 1 of the ASCI. This pin is multiplexed 
(software selectable) with TENDo. 





CTS,: Clear to Send—Channel 1 (Input) 


CTS: is the modem control input signal for channel 1 of the ASCI. This pin is 
multiplexed (software selectable) with RXS. 
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TXS: Clocked Serial Transmit Data (Output) 
Clocked serial transmit data from the Clocked Serial I/O Port (CSI/O). 
RXS: Clocked Serial Receive Data (Input) 


Clocked serial receive data to the CSI/O. This pin is multiplexed (software selecta- 
ble) with ASCI channel 1 CTS: modem control input. 





CKS: Serial Clock (Input/Output) 

Input or output clock for the CSI/O. 

TOUT1: Timer Output (Output) 

Pulse output from Programmable Reload Timer channel 1. 
AN,-AN,: Comparator (Input) 


ANo-ANs input data to the analog comparator. Select two of these pins and apply 
the reference voltage (Vref) and the voltage to be compared (Vin) to them. 


PA,-PA,, PB,-PB,, PC,-PC,, PD,-PD,, PE), PE,, PF,-PF-,: Parallel Ports A-F 
(Input/Output) 


Ports A-F are 8-bit I/O ports. Each pin of each port can be individually configured 
aS an input or output depending on the port data direction register. At reset, each 
port is initialized as an input port. 


PG,-PG.: Parallel Port G (Input) 





Port G is a 6-bit input port. 

IC: Input Capture (Input) 

IC inputs the input capture signal for timer 2. 
TOUT2, TOUTS: Timer Output 2, 3 (Output) 
TOUT2 and TOUT3 are timer 2’s outputs. 


MP,, MP,: Mode Program 0, 1 (Input) 


The mode program pins, MPo and MP:, determine the operation mode of the MPU 
as shown in table 4. 
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Table 4. Operating Mode Selection in 


MP: MPo ROM RAM Operating Mode 


0 0 | | 0; Single chip mode 
0 1 E | 1; Expanded mode 1 
1 0 | | 2; Expanded mode 2 
1 1 | — 3; PROM programming mode 


(HD647180X only) 


I: Internal E: External 
Select mode 1 (MP: = 0, MP2 = 1) for the HD641180X. 


Vcc, Vss: Power 


VCC is power supply. VSS is the ground. 


@ Multiplexed Pins 


PAo/TXA1, PAi/RXA1, PA3/TXS, PAs/CKS, PAc/DREQ:, PA7/TEND: 


Applicable Wide-Range 


HD643180X 
HD647180X 


HD643180X 
HD647180X 
HD641180X 


HD643180X 
HD647180X 


HD647180X 


At reset, PAo/TXA1, PAi/RXA1, PAs/TXS, PAs/CKS, PAs/DREQu1, and PA7/TEND; 
are configured as port A input. They can be used as TXA1, RXA1, TXS, CKS, DREQ:, 
and TEND: by setting the corresponding bit in the port A disable register to 1. 


PA2/CKA1/TENDo 





At reset, PAz/CKAi/TENDo is configured as a port A input. The function of this 
pin depends on the combination of bit 2 in the port A disable register (DERA2) 
and the CKAID bit in the ASCI control register channel 1 (table 5). 


Table 5. PA2/CKA1/TENDo State 


DERA2 CKA1D Pin Function 
0 0, 1 PA2 
] 0 CKAi 
] TENDo 
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PA4/RXS/CTS1 


At reset, PAs/RXS/CTS: is configured as a port A input. The function of this pin depends 
on the combination of bit 4 in the port A disable register (DERA4) and the CTS1E bit in 


the ASCI status register channel 1 (table 6). 


Table 6. PA4/RXS/CTS: State 


DERA4 CTS1E Pin Function 
0 0, 1 PAg 
0 RXS 

1 CTS: 
CKAo/DREQo 


CKAv/DREQ is configured as the CK Ao at reset. When either the DM1 or SM1 bit of 
the DMA mode registers 1, this bit is forcibly configured as the DREQo input, even if it 
has been configured as an output pin. 





PGo/ANo, PG1/AN:i, PG2/AN2, PGs/ANs, PG4/AN4, PGs/ANs 


These pins cannot be configured as parallel port input pins (TTL-level input pins) al- 
ternate with analog comparator input pins. When using these pins as a TTL input 
port, read the port G input data register (IDRG). 


When using these pins as an analog comparator’s channel input, read the compara- 
tor control/status register (CCSR). 
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@ Absolute Maximum Ratings 


Item Symbol Value Unit 
Supply Voltage Vec —0.3 to + 7.0 V 
Input Voltage Vin —-0.3 toVecet 0.3 V 
Operating Temperature Vee —20 to +75 6 
Storage Temperature T stg — 55 to + 150 as 





Note: Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should 
be under recommended operating conditions. If these conditions are exceeded, it could effect 
reliability of LSI. 

Storage Temperature of the HD647180X is Tstg = —55 ~ +125°C. 


M@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (Vcc = 5V + 10%, Vss = OV, Ta=-20 to + 75°C, unless 
otherwise noted) 











Symbol item Min Typ Max Unit Condition 
View Input High Voltage _ Veco 0.6 _ Vect 03 V 
RESET, EXTAL, NMI 
Vin2 Input High Voltage —— 2.0 ae Vect 03 V 
Except RESET, EXTAL, NMI 
Vin Input Low Voltage _ —0.3 — 0.6 V 
RESET, EXTAL, NMI 
Vit2 Input Low Voltage _— —0.3 _ 08 V 
Except RESET, EXTAL, NMI 
Von Output High Voltage 24 — _ V lon = —200 nA 
All outputs Vee 12 os = lou = —20 BA 
VoL Output Low Voltage _ —_ 0.45 V lo. = 2.2 mA 
All Outputs 
"i Input Leakage — _ 10 LA Vin= 0.5 to Vec — 0.5 V 


Current All Inputs 
Except XTAL, EXTAL, RESET 


Le Three State Leakage _ _ 1.0 pA Vin=0.5 to Veg — 0.5 V 
Current 
loc Power Dissipation _ 20 40 mA f= 4 MHz 
(Note) (Normal Operation) ~ 25 50 f = 6 MHz 
— 30 60 f = 8 MHz 
Power Dissipation — 5 10 mA f= 4 MHz 
(System Stop Mode) — 6.3 12.5 f = 6 MHz 
— 7.5 15 f = 8 MHz 
Cp Pin RESET — — 120 pF Vin= OV, f= 1 MHz 
Capacitance Except 20 Ta= 25°C 
RESET 


Note. Viimn = Voc — 1.0V, Vimax = 08 V (All input pins except RESET, EXTAL NMI 
Vimin = Vee — 0.6 V, Viimax = 0.6 V (RESET, EXTAL, NMI) 
(all output terminals are at no load.) 
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Symbol item Min Typ Max Unit Condition 
Vine Input 20 — Veco + 03 =V 

High-Level 

Voltage 
Vitp Input —0.3 =z 08 V 

Low-Level 

Voltage 





Voup Output 2.4 = _ V lox= — 200 pA 
High-Level 
Voltage Veco7 12 — - lon= — 20 vA 
Voip Output —= = 0.45 V *lo= 2.2 mA 


Low-Level 
Voltage _ _ 1.0 **IoL-= 10 mA 


Vin Analog High level Viet t O 1 _ _ V 
Comparator eoeeteet, tt akct oe) Re a 

—_————_ Input Level 

Viet Valtege Vu 0) = Vee X 0.8 Vv 

hip input Leak a = 1.0 pA Via= 0.5 to 
Current Vec — 0.5 


Low level _ _ Vref 01 


Note. *: Port A-F 
** Port F on'y 
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e AC Characteristics (Vss = OV, Ta=-20 to + 75°C, unless otherwise noted) 


HD641180X-4 
HD643180X-4 
HD647180X-4 


HD641180X-6 
HD643180X-6 
HD647180X-6 


HD641180X-8L 
HD643180X-8L 
HD647180X-8L 








(WR |) 


Symbol item min max min max min max unit 

Vec Power Supply 45 55 45 55 475 5 25 V 

teye Clock Cycle Time 250 2000 162 250 125 250 ns 

teHw Clock High Pulse Width 110 _ 65 _ 50 _ ns 

teLw Clock Low Pulse Width 110 _ 65 _ 50 _~ ns 

tof Clock Fall Time _ 15 _ 15 —_ 15 ns 

te Clock Rise Time _ 15 _ 15 — 15 ns 

tecyc External Clock Cycle Time 125 1000 81 125 625 125 ns 

texHw External Clock 50 — 30 _ 25 = ns 
High Pulse Width 

texLw External Clock 50 — 30 — 25 _ ns 
Low Pulse Width 

tex; External Clock ~ 25 _ 25 — 25 ns 

(Note 1) Rise Time 

tex¢ Extemal Clock —- 25 — 25 — 25 ns 

(Note 1) Fall time 

tap Address Delay Time — 100 _ 75 ~ 65 ns 

tas Address Set-up Time 50 _ 30 _ 20 _ ns _ 
(ME or IOE |) 

tmept ME Delay Time 1 ~ 75 — 45 ~ 45 ns 

tapp1 RD Delay Time 1 loc=1  — 75 ~ 45 _ 45 ns 

ioc=O  — 80 — 50 — 45 
tips LIR Delay Time 1 _ 100 ~ 80 ~ 70 ns 
(Note 2) 

tay Address Hold Time 1 80 _ 35 — 20 _ ns 
(ME, IOE, RD or WR }) 

tmep2 ME Delay Time 2 ~ 75 — 45 ~ 45 ns 

tapp2 RD Delay Time 2 _ 75 — 45 — 45 ns 

 tip2 LIR Delay Time 2 _ 100 _ 80 _ 70 ns 
(Note 2) 

tors Data Read Set-up Time 60 _ 55 _ 45 _ ns 

tory Data Read Hold Time 0 _ 0 - 0 _ ns 

tstp1 ST Delay Time 1 — 110 — 90 _ 70 ns 

tstp2 ST Delay Time 2 — 110 _ 90 - 70 ns 

tws WAIT Set-up Time 80 ~ 40 _ 40 — ns 

tw WAIT Hold Time 70 ~ 40 ~ 40 = ns 

twpz Write Data Floating _ 100 — 95 —- 70 ns 
Delay Time 

twrop1 WR Delay Time 1 — 80 _ 50 _ 45 ns 

twop Write Data Delay Time — 110 — 90 _ 80 ns 

twos Write Data Set-up Time 60 _ 40 _ 20 _ ns 


Note 1 External clock rise/fall time (tey,, tex;) May be shortened for satisfying external clock pulse width (ty, tex yw) 
Note 2 For a loading capacitance of less than or equal to 40 picofarads and operating temperature from O to 50 degrees, substract 10 nanoseconds 
from the value given in the maximum columns 
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HD641180X-4 HD641180X-6 HD641180X-8L 
HD643180X-4 HD643180X-6 HD643180X-8L 
HD647180X-4 HD647180X-6 HD647180X-8L 





























Symbol Item min max min max min max unit 
twro2 WR Delay Time 2 — 80 — 50 — 45 ns 
twrp WR Pulse Width 280 = 170 _ 130 _ ns 
twoH Write Data Hold Time 60 — 40 — 15 — ns 
(WR |) 
tiop1 IOE Delay Time 1 10C= 1 — 75 — 45 _ 45 ns 
1oc=O  — 80 _ 50 ~ 45 
tion2 1OE Delay Time 2 _ 75 _ 45 7 45 ns 
tiop3 IOE Delay Time 3 540 _ 340 _ 250 _ ns 
(IR |) 
tints INT Set-up Time 80 _ 50 _ 40 = ns 
(db |) 
tH INT Hold Time 70 _ 40 _ 40 _— ns 
( |) 
tu NMI Pulse Width 120 _ 120 _ 100 ~ ns 
tars BUSREQ Set-up Time 80 ~ 50 _ 40 = ns 
{d |) 
tary BUSREO Hold Time 70 _ 40 — 40 — ns 
(d |) 
tenn BUSACK Delay Time 1 — 100 _ 95 ~ 70 ns 
tgap2 BUSACK Delay Time 2 _ 100 — 95 — 70 ns 
tazp Bus Floating Delay Time — 130 — 125 — 90 ns 
tMewH ME Pulse Width (HIGH) 200 _ 110 _- 90 ~ ns 
tMEWL ME Pulse Width (LOW) 210 _ 125 - 100 — ns 
tRFD1 REF Delay Time 1 = 110 ag 90 = 80 ns 
trep2 REF Delay Time 2 _ 110 _ 90 _ 80 ns 
tuapt HALT Delay Time 1 = 110 _ 90 ~ 80 ns 
tuap2 HALT Delay Time 2 _ 110 — 90 _ 80 ns 
tpros DREQ: Set-up Time 80 — 50 _ 40 _ ns 
tpROH DREQi Hold Time 70 — 40 _ 40 _ ns 
trent TENDi Delay Time 1 _ 85 _ 70 ~ 60 ns 
trep2 TEND! Delay Time 2 _ 85 _ 70 _ 60 ns 
tep1 Enable Delay Time 1 — 100 — 95 _ 70 ns 
tep2 Enable Delay Time 2 _ 100 — 95 — 70 ns 
PWweH E Pulse Width (HIGH) 150 — 75 _ 65 _ ns 
Pe E Pulse Width (LOW) 300 _ 180 _ 130 _ ns 
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HD641180X-4 HD641180X-6 HD641180X-8L 
HD643180X-4 HD643180X-6 HD643180X-8L 
HD647180X-4 HD647180X-6 HD647180X-8L 























Symbol Item min max min max min max unit 
an ene 

te, Enable Rise Time — 25 — 20 _ 20 ns 

tes Enable Fall Time - 25 _ 20 _ 20 ns 

trop Timer Output Delay Time — 300 — 300 _ 200 ns 

tsTor CSI/O Transmit Data Delay Time — 200 — 200 — 200 ns 
(Internal Clock Operation) 

tsTpE CSI/O Transmit Data Delay Time — 7.5tcye — 75tcyc — 7.5tcyc ns 
(External Clock Operation) + 300 + 300 +200 

tsrsi CSI/O Receive Data Set-up Time 1 _ 1 — 1 - tcyc 
(internal Clock Operation) 

tsrHi CSI/O Receive Data Hold Time 1 _ 1 — 1 — tcyc 
(Internal Clock Operation) 

tsrse CSI/O Receive Data Set-up Time 1 — 1 _ 1 —_ tcyc 
(External Clock Operation) 

tsRHE CSI/O Receive Data Hold Time 1 — 1 _ 1 — tcyc 
(External Clock Operation) 

tres RESET Set-up Time 120 — 120 _ 100 ~ ns 

tren RESET Hold Time 80 _ 80 _ 70 - ns 

tosc Oscillator Stabilization Time _ 20 _ 20 — 20 ms 

tex, Extemal Clock Rise Time (EXTAL) — 25 — 25 = 25 ns 

tex¢ External Clock Fall Time (EXTAL) — 25 — 25 — 25 ns 

tr, RESET Rise Time _ 50 _ 50 — 50 ms 

tre RESET Fall Time _ 50 - 50 _ 50 ms 

ty input Rise Time _ 100 _ 100 _ 100 ns 
(except EXTAL, RESET) 

ty Input Fall Time ~ 100 — 100 _ 100 ns 
(except EXTAL, RESET) 

tpwo Port Data Output Delay _ 110 — 90 _ 80 ns 
Time 

tppsu Port Data Input Setup 80 _ 50 _ 50 _ ns 
Time 

tepH Port Data Input Hold 60 _ 40 _ 40 _ ns 
Time 


The HD643180X differs from HD647180X in chip design and manufactunng process Be careful when using the HD647180X system for the HD643180X 
since characteristics values are not exactly the same though guaranteed values are identical 
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Opcode Fetch Cycle /O Write Cycle 
(I/O Read Cycle) 
T2 Tw T3 To Tw T3 


1 
tcnwitcLw 


At 
aor a EH eds 


_ maa ES Al 
ME 
Fi 
F [ 
z we (ee 
° | = = 
tLo1 ae 











po) 


















ST 
Hh 
te ss [om twoz 
Data ff ln {LM mall 
_ ib —twox 
" eS 
UT | 
tREH “ 
tres tRES i tREH 
RESET 
tre tr, tRr tre 


“1 Output buffer is off at this point. 


Figure 4. CPU Timing (Opcode Fetch Cycle) 
I/O Write Cycle (I/O Read Cycle) 
When IOC = 1 
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2 
a 


tars 
BUSREQ 





BUSACK 


ADDRESS 
DATA. 
ME, RD 


| WR, I0E 


tazp 
y 
tHaD2 


*1 during INTo acknowledge cycle 
*2 during refresh cycle 
*3 Output buffer is off at this point. 


Figure 5. CPU Timing (INT> Acknowledge Cycle, 
Refresh Cycle, 
Bus Release Mode, 
Halt Mode, 
Sleep Mode, a 
System Stop Mode When IOC = 1) 
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N 
O 
ce 
5s 
——: —— ee hoe 
Q 
Qo 
~ ~- 
a) 
c 
= 
~ 
N 
8 8 
2 rd 
- ~ 
= a 
oO 
fs) fc 
~ ~ 
a Ld Q c 
io x 5 


Address 


_ Figure 6. CPU Timing (IOC = 0) 


© HITACHI 
Hitachi America, Ltd Hitachi Plaza « 2000 Sierra Point Pkwy © Brisbane, CA 94005-1819 © (415) 589-8300 721 


HD641180X, HD643180X, HD647180X 


More than max value of Tosc 





Figure 7. CPU Timing 
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O0€8-68S (Sir) © 6L81-SOOPE WO ‘AURGSUg © AMYdq WOd BLAIS Q00Z © Ziq 1YIPNH © PI] ‘BoVaWy [YyoeH 


EcLl 


IHOVLIH © 


sjeuBis [01jU05D YING ‘8 aunbig 


DREQi 
(at level sense) 


DREQi 
(at edge sense) 


CPU or DMA Read/Write Cycle (Only DMA Write Cycle for TENDi) 








T1 


Te Tw T3 Ti 





“1 tpras and tpragn are specified for the rising edge of clock followed by Ts. 


*2 tpros and tpron are specified for the rising edge of clock. 
*3 DMA cycle starts. 
*4 CPU cycle starts. 





XO8ITLP9CH ‘XO8lTEP9IGH “X08T1l7V9dH 


vel 


00€8-68S (Sir) © GI8L-SO0KE WO “aueqsUig e AMyq JUIOg BUAIS O00Z © EZEld IMEI © “p}] “BoVawWy YdeNH 


IHOVLIH @ 


E 
(Memory Read/Write) 


E 
(/O Read) 


E 
(/O Write) 


E 


( 





Figure 8A. E Clock Timing (Memory Read/Write Cycle, 
I/O Read/Write Cycle) 


Sleep mode 


Bus Release mode. ) 
System Stop mode 


Figure 9. E Clock Timing (Bus Release Mode, 
Sleep Mode, 
System Stop Mode) 
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Example 
(0 Read ) 
— Opcode fetch 


E 
(1/0 Write) 





Figure 9A. E Clock Timing (Minimum Timing Example 
of Pwe. and Pwen) 


Timer Data 
Reg. = OOOOH 


~ 





Figure 10. Timer Output Timing 
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Te 


Next opcode fetch 


T1 
tHab2 


” 
i 
e 
2 
Si, RAE i 
G 2 
2 
ic 2 
-“™ = 
he 
= 
£ 
2 
S 
S 
g\ 
£& 
a 
Y) 
ic . g; 
> E = < : 5 
. E I Sle IF 
<{ 
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Figure 11. SLP Execution Cycle 


00€8-68S (Sir) © 6181-SOOPE WO ‘aUegsuig © AMYd IUl0d BAIS 000Z © BZE|d IYDENH © “p}] ‘Bovey !yoeLH 


LCL 


IHOVLIH @ 


CSI/O Clock 


Transmit data 
(Internal Clock) 


Transmit data 
(External Clock) 


Receive data 
(Internal Clock) 


Receive data 
(External Clock) 





Figure 12. CSI/O Receive/Transmit Timing 
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T3 T1 T2 T3 
| — 
Port / 
output 
tppsu } tpoH 
fd 


Input ( 


Figure 13. Port Input and Output Timing 





ti tr 
Vin Vint 
texHw 
Figure 14. External Clock Rise Time Figure 15. Input Rise Time and Fall 
and Fall Time Time 


(Except EXTAL, RESET 
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Test Point 


1$2074 
C+=R ¥ or Equiv. 





C = 90 pF, R= 12k 
R, = 1.6k0 


Figure 16. Bus Timing Test Load (TTL Load) 





Figure 17. Reference Level (Input) 


Figure 18. Reference Level (Output) 
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@ INSTRUCTION SET 


Register 
g, 2, ww, Xx, yy, and zz specify a register to be used. g and g’ specify an 8-bit regis- 
ter. ww, XX, yy, and zz specify a 16-bit pair of 8-bit registers. Table 7 shows the 


correspondence between symbols and registers. 


Table 7 Register Specification 


g.g’ Reg ww Reg xx Reg yy Reg zz Reg 

OOO B 00 BC 00 BC 0O BC 0O BC 

001 C O01 DE 01 DE 01 DE O1 DE 

010 D 10 HL 10 IX 10 WY 10 HL 

O11 €E 11 SP 11. SP 11. SP 11 AF 

100 H 

101 L Note: H and L suffixed to ww,xx,yy,zz (ex. wwH, IXL) indicate upper 
TA and lower 8 bits of the 16-bit register, respectively. 

Bit 


b specifies a bit to be manipulated in the bit manipulation instruction. Table 8 shows 
the correspondence between b and bits. 


Table 8 Bit Specification 


b 
000 
001 
010 
011 
100 
101 
110 
111 


o> 


“J] ©} OT) B] GO} PO] =| © 


Condition 


f specifies the condition in program control instructions. Table 9 shows the 
correspondence between f and conditions. 
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Table 9 Condition Specification 


f Condition 

000 NZ non zero 
001 Z zero 

010 NC non carry 
011 C carry 

100 PO parity odd 
101 PE parity even 
110 P sign plus 
111 M_ sign minus 


Restart Address 


v specifies a restart address. Table A-4 shows the correspondence between v and re- 
start addresses. 


Table 10 Restart Address Specification 


V Address 
000 OOH 
001 O8H 
010 10H 
011 18H 
100 20H 
101 28H 
110 30H 
111 38H 





Flag 
The following symbols show the flag conditions: 


-: not affected 
| : affected 

Xx : undefined 
S : set to l 

R : reset to 0 
P : parity 

V : overflow 
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Miscellaneous 


( )yy : Data in the memory address 
(_)y : Data in the I/O address 

m orn: 8-bit data 

mn : 16-bit data 

r : 8-bit register 

R : 16-bit register 

b-( —_-)yy_: Contents of bit b in the memory address 
b-gr : Contents of bit b in the register gr 
d or j : 8-bit signed displacement 

S : Source addressing mode 

D : Destination addressing mode 

-: AND operation 

+ : OR operation 

+ : EXCLUSIVE OR operation 

** - Added new instructions to Z80 
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Instruction Summary 
Data Manipulation Instructions 


Table 11 Arithmetic and Logical Instructions (8 Bit) 
































































































































Addressing 
Operation 
Name Mnemonics States Operation 
ADD Ag 10 000 g Ar+gr—-Ar 
ADD A,(HL) 10 000 110 Art (HL) wAr 
ADD A.m 11 000 110 Art+m—Ar 
« m ) 
ADD A,(IX+d) | 11 011 101 S D 3 \4 Ar+ (IX+d)y7Ar 1 tt VR 
10 000 110 
Cog 33 
ADD AUIY+d) | 11 111 101 S D 3 14 Art (IY+d)yoAr 1 tf t V Ro 
10 000 110 
« d > 
ADC Ag 10 001 g 4 Art+gr+c~Ar V eR 
ADC A,(HL) 10 001 110 Ss |} D 1 6 Ar+(HL)y+c>Ar Et ot Wore 4 
ADC Am 11 001 110 S D 2 6 Ar+m+c—Ar Lh FE RE 
« m > 
ADC AAIX+d) | 11 O11 101 S D 3 14 | Ar+(IX+dyterAr | 1 ot 1 VOR I 
10 001 110 
od > 
ADC AIY+d) | IML 101 S | D 3 | ArtY¥+dyterAr | 1 1 2 VOR oI 
10 001 110 | 
Cd) | 
Lae send Le ecw a Mae 5 SHIRE Sas I! CANN a ARPS se rT an ae area 
AND AND g 10 100 g S| D 1 4 Ar-grAr 1 1 S$ P RR 
AND HL) 10 100 110 i Ss | D | 1 6 Ar: (HL)y—Ar 1 1 S$ P RR 
AND m 11 100 110 S$ | D 2 6 Ar-m—>Ar + t S$ P R R 
Cm > | 
AND (IX+d) 1011101 | S D | 3 4 | Ar-IX+d)y7Ar 1 1 S$ P RR 
10 100 110 | 
«d > | ; 
HAND UY+d) {11 111 101 Is | Dor 6 | Are1Y+¢dy-Ar i 1 $ PRR 
10 100 110 | | 
« d ) H | i 
eet ae ere ier weieaeae eae Si iE ar aa ce: ere 
Compare | CPg i 10 lll g | Ss, D i; oo] 4 Ar~gr Lok sb TW Se 
CP (HL H 1011 0 | | 6. De 1 | 6 | Ar~ HL PoP ow G4 
CP m 11 11 110 S D | ; 2 ! 6 Ar-m a a aes ae | 
« m » | ! | 
CP (IX+d) 11 O11 101 S D | 3 | WM Ar~ IX+d)x oe et ay AES 
10 111 110 | | 
ae ae a | | 
CP MY +d) Mi 111 101 i S$ | D 3 \4 Ar-(IY +d) te te YS SS 
10 111 110 | 
a ees ae | 
sara anc a cael a ee 1 earn liners 
popes. CP 00 101 11 | S/D 1 3. | Ar-Ar S - S$ : 
SS | aS SSR NERS SO Se 
DEC DEC g 0g 101 ! S/D 1 4 gr-l—gr 1 tf t VS 
DEC (HL) 00 110 101 S’D ! 1 | 10) | \HLM-1-+(HL)y 1 t t VS 
DEC (IX+d) 11 O11 101 S/D 3 18 IX+d)y-1> 1 t tvs 
00 110 101 | | UX+d'y 
« d > 
DEC (IY +d) 11 111 101 S/D 3 18 UY+d)y-1> beth. Se MS 
00 110 101 (IY +d) 
Cd> 
INC g Wg 100 gr+l—ogr V eR 
INC (HL) 00 110 100 S/D 1 10 (HL)y+ 1+(HL)y 1 1 t VR 
INC (IX+d) 1 O11 101 S/D 3 18 (UIX+d)y+1> 1 t t VR 
00 110 100 (IX +d) x 
« dy 
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Table 11 Arithmetic and Logical Instructions (8 Bit) (cont) 


Operation 
Opcode _|IMMED| EXT | |REG!| IMP | 
MULT MLT ww ** 11 101 101 s/D 
01 ww 100 
Negate 11 101 101 
01 000 100 


















OR g 

OR (HL) 

OR m 

OR (IX +d) 

OR (IY +d) 
SUB SUB g 

SUB (HL) 
SUBC 


SUB m 
Test 





SUB (IX +d) 





SUB (IY +d) 


SBC Ag 
SBC A, (HL) 
SBC Am 






SBC A,(IX +d) 






SBC A,(TY +d) 


TST g ** 





TST (HL) ** 





TST m ** 





XOR XOR g 


XOR (HL) 
XOR m 


XOR (IX +d) 


XOR (IY +d) 


































10 110 g 
10 110 110 
11 110 110 
« m > 
11 011 101 
10 110 110 
(d> 
11 111 101 
10 110 110 










10 010 g 
10 010 110 
11 010 110 
«cm ) 
11 011 101 
10 010 110 





11 101 
10 010 110 


10 011 g 
10 O11 110 
11 011 110 
« m >) 
11 O11 101 
10 011 110 
cd > 
11 111 101 
10 011 110 
cd> 


Il 101 101 
Og 100 
11 101 10) 
00 110 100 
11 101 101 
01 100 100 
« m > 


10 101 g 
10 101 110 
11 101 110 
« m > 
il O11 101 
10 101 110 
«( d > 
11111 101 
10 101 110 
« d > 









(d>’ 









































tms| tome | owtmn z_H PVN C 
feat eae een 











wwHr X wwLr-wwa 


Artgr-Ar 
Ar+(HL),-Ar 
Ar+m—Ar 









Ar+(IX+d)yAr 









Ar+ (IY +d)u-Ar 





Ar~gr-+Ar 
Ar— (HL) 4-*Ar 
Ar~m-Ar 














Ar~ (IX+d)q-Ar 





Ar- (IY +d) wo Ar 





Ar~gr—c-*Ar 
Ar (HL)y—~c7Ar 
Ar-m~c-~Ar 









Ar (IX+d)y—c->Ar 





Ar— (IY +d)y—c7Ar 
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Ar@®gr-Ar 
Ar@(HL) «Ar 
Ar@m—Ar 











Ar®(IX +d) y-*Ar 





Ar®(IY +d) qAr 
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Table 12 Rotate and Shift Instructions 


RL ¢ 
RL (HL) 


RL (IX+d) 


RL (IY +d) 


RLCA 
RIC g 


RLC (HL) 


RLC (IX+d) 


RLC (IY +d) 


RLD 


RRA 
RR g 


RR (HL) 


RR (IX +d) 


RR (IY +4) 


RRCA 
RRC g 


RRC (HL) 


RRC (IX+d) 


RRC (IY +d) 


00 010 111 
11 001 011 
0 010 g 
11 001 011 
00 010 110 
11 011 101 
11 001 011 
« d > 
00 010 110 
11 111 101 
11 00] O11 
«( d> 
00 010 110 
00 000 111 
11 001 O11 
0 000 g 
11 001 011 
00 000 110 
11 011 101 
Ti 001 011 
( d > 
00 000 110 
1 ili 101 
11 001 011 
« d >? 
00 000 110 
11 101 101 
01 101 211 
00 O11 111 
11 001 011 
0 Ol g 
11 001 011 
00 O11 110 
11 011 101 
11 001 011 
( d > 
00 O11 110 
11 11) 101 
11 001 011 
« d > 
00 011 110 
00 001 111 
1] 001 O11 
00 001 g 
11 001 011 
00 001 110 
11 011 101 
11 001 O11 
« d > 
00 001 110 
11 111 102 
11 001 011 
« d > 
00 001 110 





p Addrassing | 


(TUTE TT) Ar 
to 


(continued) 
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Table 12 Rotate and Shift Instructions (cont) 


Addressing 
Operation 
Name Mnemonics 
Rotate RRD 11 101 101 
and 01 100 111 
Shift SLA g 11 001 011 
Data 00 100 g 


SLA (HL) 11 001 011 
00 100 110 
SLA (IX +d) 11 011 101 
11 001 O11 
«d>) 
00 100 110 
SLA (IY +d) 11 112 101 
11 001 011 
«d> 
00 100 110 
SRA g 11 001 01 
00 101 g 
SRA (HL) 11 001 011 
00 101 110 
SRA (IX+d) M1 O11 101 
11 001 011 
«d> 
00 101 110 
SRA (IY +d) AL 111 101 
11 001 011 
(d> 
00 101 110 
SRL g 11 001 011 
0 lll g 
SRL (HL) 11 001 011 
00 111 110 
SRL (IX +d) 11 014 101 
11 001 011 
< d> 
00 111 110 
SRL (IY +d) 1 111 101 
11 001 011 
«d> 
00 111 110 
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Table 13 Bit Manipulation Instructions 





Operation 
Name Mnemonics 
Bit Set SET bg 
SET b,(HL) 
SET b,(IX+d) 
SET b, (IY +d) 
Bit Reset | RES bg 
RES b, (HL) 
RES b,(IX +d) 
RES b, (TY +d) 
Bit Test BIT bg 
BIT b,(HL) 
BIT b, (IX +d) 
BIT b,{IY +d) 
eateries Saree See eee ae 
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Opcode 
11 001 011 
llb g 

11 001 011 
llb 110 
11 011 101 
11 001 011 
(d > 

llb 110 
11 111 101 
11 001 011 
( ad > 

lb 110 


11 001 011 
lb g 

11 001 011 
10b 110 
11 011 101 
1i 001 011 
( d > 

0b 110 
1 111 101 
11 001 011 
( d > 

10b 110 


11 001 011 
Olb g 
11 001 011 
Olb 110 
1] O12 101 
11 001 011 
« d > 
Olb 110 
11 111 101 
11 001 011 
(d > 
dlb 110 





IMMED 








EXT 




















Addressing 
IND | REG| REGI| IMP] REL | Bytes! States 
s/D 2 7 
S/D 2 13 
S/D 4 19 
s/D 4 19 
s/D 2 7 
S/D 2 2B 
S/D 4 19 
s/D 4 19 
S 2 6 
S 2 9 
S 4 15 
5 4 15 
© HITACHI 














Operation 
l—b-gr 


1b: (HL)y 


1b: (IX+d)u 


l—>b- TY +d) a 


0-b-gr 
0b: (HL) M 


Ob: (IX+d)y 


0b: (TY +d) 


b-gr->z 


b- (HL) wz 


b: (IX+d) wz 


b: (TY +d) wz 
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ble 14 Arithmetic Instructions (16 Bit) 












Addressing 


IMMED| EXT | IND | REG | REG!) IMP | REL | Bytes 
11 111 101 


00 yy] 001 Se 


ww 010 


States 













HL, +ww,—HL, 
IXq+xxe7IXe 


00 ww] 001 
1] 011 101 
00 xx1 001 











Watyyslle 
















DEC ww 00 ww] 011 $/D 

DEC IX 1] 011 101 S/D IX,—17IX, 
00 101 011 

DEC IY 11 111 101 S/D IY, 17 1Y. 
00 101 012 















00 ww0 011] Wwat l>wwe, 
Ni 011 101 S/D IXqt1-+IX, 

00 100 O11 

11 111 10) IY,t+1lY, 
00 100 011 


SBC HL,ww 11 101 101 HLa-wwe-cHL X V § 
01 ww0 010 
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Data Transfer Instructions 


Table 15 8-Bit Load 


Operation 
Name Mnemonics 


Load LDA 

8-Bit Data 
LD AR 
LD A,(BC) 
LD A, (DE) 
LD A,(mn) 
LDILA 
LDRA 
LD (BC),A 


LD (DE),A 
LD (mn),A 


LD gg 


LD g,(HL) 


LD g,m 


LD g,. IX +d) 


LD g, (IY +d) 


LD (HL),m 


LD (IX+d),m 


LD (IY +d),m 


LD (HL),g 
LD (IX+d),.g 


LD (IY +d).g 


Opcode _|MMED| EXT | IND | REG | REGI| IMP | REL_ Bytes States | Operation 


11 101 101 
01 010 111 
11 101 101 
01 011 111 
00 001 010 
00 011 010 
00 111 010 
« nm > 
« m > 
11 101 101 


01 000 111 


11 101 101 
01 001 111 
00 000 010 
00 010 010 
00 110 010 
« ny) 
«( m ) 
Og g 
Og 110 
Og 110 
« m >) 
11 011 101 
Og 110 
(d> 
11 11) 101 
Og 110 
«d) 
00 110 110 
« m > 
11 011 101 
00 110 110 
(d> 
« m > 
11 111 101 
00 110 110 
(d> 
« m ) 
01 110 g 
11 011 101 
01 110 g 
(d> 
11 111 101 
01 110 g 
(d> 
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Addressing 


—-|Ain 





(BC)wAr (Note 1) 
(mn) «Ar 


(IX+d) yr 


(IY +d) «gr 


m-~(HL), 


m->(IX+d)4 


m-(IY¥+d)x 


Note: 1 Interrupts are not sampled at the end of LD A, lor LD A, R. 


© HITACHI 


Sa 
ie 2 HRN 


S 
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Table 16 16-Bit Load 


740 


Operation 


Load 
16-Bit Data 


LD HL, (mn) 


LD IX, (mn) 


LD IY, (mn) 


LD (mn),HL 


LD (mn) IX 


LD (mn) IY 


11 012 10) 
00 100 001 
« n> 
« m > 
11 111 101 
00 100 001 
«cn > 
« m >) 
11 111 001 
11 O11 101 
11 111 001 
11 111 101 
1 111 001 
11 101 101 
01 wwi 011 
« fm > 
« m > 
00 101 010 
qm > 
«( m > 
11 011 102 
00 101 010 
«n> 
«m > 
11 111 101 
00 101 010 
«(a > 
« m > 
11 101 101 
01 ww0 011 
« n> 
«(m > 
00 100 010 
« m > 
« m > 
Ni 011 10) 
00 100 010 
«( a > 
« m > 
11 111 10] 
00 100 010 
« an >) 
« m > 


| dressing 


© HITACHI 


HL, SP, 
IX,-~SP, 


TY,SP. 

(mn+ la~wwHr 
(mn) .~>wwLr 
(mn+1)_~Hr 
(mn) wLr 
(mn+1)4-*IXHr 


(mn) a IXLr 


(mn+1)y~*IYHr 
(mn) yIYLr 


wwHr-(mn+1)4 
wwLr— (mn). 


Hr-+(mnt+1) x 
Lr (mn) 
IXHr—(mn+1) 


IXLr-+(mn) 


IYHr-+>(mn+1) 5 
IYLr- (mn) 4 


| Flag 
[7 6 4 2 1 0 
S Zz HPVNC 
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Table 17 Block Transfer 


Operation 
Name 





Block 


Transfer 11 101 101 


Note: 


10 101 001 


1) 101 10) 
10 111 001 


11 101 101 
10 100 001 


11 101 101 
10 110 001 


1] 101 101 
10 101 000 


11 101 101 


10 111 000 


11 101 101 
10 100 000 


11 101 101 
10 110 000 





2 P/V = 0. BCp—1=0 
P/V = |: BCr-1# 0 

3 Z=1 Ar= (HL)y 
Z=0: Ar # (HL)y 


Opcode _ |IMMED| EXT | IND | REG | REGI/ IMP | REL | 
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| Addressing | 


© HITACHI 





14 (BC, +0) 
12 (BC,=0) 


alg 


Ar— (HL) 
BC,—-1—-BC, 
HL,-1-HL, 
BC, +0 Ar# (HL) 


BC,=0 or Ar= (HL) y 


Ar- (HL Yee 
Q | BC,-1-BC, 
HL,—1~HL, 
Repeat Q until 
Ar= (HL), or BC,=0 
Ar- (HL) 
BC,—-1—-BC, 
HL, +1-HL, 
BC, +0 Ar# (HL). 
BC,=0 or Ar= (HL) « 
Ar—(HL )x 
Q| BC,-1-BC, 
| HL, +1-HL, 
Repeat Q until 


Ar= (HL) or BC,=0 


(HL) w-* (DE) w 
BC, -1-BC, 

DE, -1-DE, 
HL,—1~HL, 
(HL) w-> (DE) m 
BC, -1~BC, 
DE, ~1-+DE, 
HL,—1~HL, 
Repeat Q until 
BC, =0 

(HL) «> (DE) 
BC, a 1>BC, 
DEg+1~>DEx 

HL, + 1m-HL, 
(HL) w- (DE) x 
BC, —1-BC, 
DE, +1-DE, 
HL, +1-HL, 
Repeat Q until 
BC, =0 


Q 
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Table 18 Stack and Exchange 





























Operation 
Name 


Exchange 





Mnemonics 
PUSH 2z 


PUSH IX 


PUSH IY 


EX AF,AF’ 
EX DE,HL 
EXX 
EX (SP),HL 


EX (SP),IX 


EX (SP) IY 











Addressing 


Opeode _|MMED] EXT | IND | REG | REGI] WP | REL_ 


11 220 101 





11 011 101 
11 100 101 


11 111 10% 
11 100 101 


ll zz0 001 


11 011 101 
11 100 001 


11 111 101 
11 100 001 


00 001 000 
11 101 011 
11 O11 001 


11 100 011 


11 01] 101 
11 100 012 
11111 101 
11 100 011 

















S D 


$/D 




































$/D 











S/D 











Note 4 In the case of POP AF, Flag is written a current contents of the stack. 
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REL | Bytes 
1 





























12 


12 


16 


19 


19 


ee a a 


States 








zzLr- (SP-2)m 
zzHr->(SP—1) 
SP, —-2-SPp 

IXLr- (SP—2) 4 
IXHr->(SP—1) 
SP,~2-SP, 

TYLr>(SP-2) 
TYHr-+(SP-1)4 
SP,—2-+SPr 


(SP+1)y>2zHr 
(SP) w?z2Lr 
SPp+2-SPx 
(SP+1)47?IXHr 
(SP) m7 IXLr 
SP, +2—SPp 
(SP+1)47IYHr 
(SP) IYLr 
SPp+2—SPp 


AF, AF,’ 

DE, HL, 

BCR BC,’ 

DE, DE’ 

HL, HL,’ 

Hr- (SP+1])y 
Lre (SP) M 
IXHr-(SP+1)m 
IXLr~(SP)m 
IYHr~(SP+1)y 
IYLr-(SP) 






Operation 
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Program Control Instructions 


Table 19 Program Control 


JP mn 

JP (HL) 
JP (IX) 
JP (ry) 


JR; 


ll f 
« a > 
« m >) 


11 000 011 
« f@ > 
«m ) 

11 101 001 

11 011 101 

11 101 001 

I U1 101 

11 101 001 

00 011 000 
<j-2> 

00 111 000 
«j-2> 

00 110 000 
«)-2> 

00 101 000 
(}2> 

00 100 000 
¢j-2 


11 101 101 
01 001 101 


11 101 101 
01 000 101 
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| Addressing | 


Opcode _|IMMED| EXT | IND | REG | REGI! IMP | REL | 


9 (Br#0) 
7 (Br=0) 


wren co > 0 HM OO NH 





@ HITACHI 


PCHr~>(SP—1)» 
PCLr->(SP— 2) 
mn—PC, 

SP, -2-SP, 
continue f is false 
CALL mn f is true 


Br-1—Br 
continue . Br=0 
PC, +j-PC, . Br#0 


mn—PC, f 1s true 
continue f 1s false 


mn-+PC, 


HL,~PC, 
1X,—-PC, 


IY, PC, 
PC, +j-+PCy 


continue C=0 
PC, +j>PC, C=1 
continue . C=1 
PC, +j-PC, C=0 
continue Z=0 
PC,+)-PC, Z=1 
continue * Z=1 
PC, +) PC, Z=0 
(SP) wPCLr 
(SP+1)4~PCHr 
SP, +2--SP, 
continue f is false 
RET f is true 





(SP) PCL 
(SP+1)x--PCHr 
SP, +2-SP, 
(SP) w>PCLr 
(SP+1)4-PCHr 
SP, +2—SP, 
JEF, IEF, 


PCHr-~(SP—1)» 
PCLr-+(SP-2) 4 
0--PCHr 
vPCLr 

SP, —2—SP, 
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1/0 Instructions 


Table 20 1/0 


Operation 
Name Mnemonics 


IN A,(m) 1] 011 011 
«m > 


IN g,(C) 11 101 101 
01g 000 


11 101 101 
Og 000 
« m ) 


1] 101 101 
10 101 010 


11 101 101 
10 100 010 


1] 101 101 
10 110 010 


Note 5 Z= 1. Br-1=0 
Z= 0 Br-1# 0 

6 N= 1 MSBof Data = 1 

N = 0 MSB of Data = 0 





Addressing 








@ HITACHI 


14(Br#0) 
12(Br=0) 








S ZHPVVN C 


Operation 
(Am) Ar 
m~A,~A, 
Ar-A,~ Ais 
(BC) gr 
g=110 Only the 
flags will 
change 
Cr>A,~A, 
BrAg~ Ais 
(00m) ,~gr 
g=110 Only the 
flags will 
change 
m~A,~A, 
00->A,~ Ais 
(BC) > (HL) 
HL,—-1-HL, 
Br-1~Br 
Cr-+Ay~ A; 
Br>Ag~ Ais 

(BC), (HL) x 
Q| HL,—-1>HL, 
Br-1-Br 
Repeat Q until 
Br=0 
Cr--A)~ A, 
Br-+Ag~ Ais 


(BC) (HL) 
HL, +1-HL, 
Br-1—Br 
Cr>Ay~A; 
Br->Ap~ Ais 
(BC), (HL) x 
Q) HL,+1-HL, 
Br-1-Br 
Repeat Q until 
Br=0 
Cr>A,~A; 
Br A,~ Ais 


(continued) 
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Table 20 I/O (cont) 


Sees | Addraasing =| 
eration 
Name Opcode ne Et] oi nes neat we] 0 ayes Operation 


Output OUT (m),A 11 010 011 Ar-(Am), 
« m ) m-A,~A; 
Ar~A,~A\s 
OUT (C)g 1h 101 101 gr>(BC), 
01 g 001 Cr-+A,~A, 
Br-Ay~Ais 
QUTO (m),g ** 11 101 101 gr (00m), 
Og 001 m-~A,~A, 
¢m > 00—-A,~Ais 
OTDM ** 11 101 101 (HL) y-*(00C), 
10 001 011 HL,—-1-HLy 
Cr-1Cr 
Br-1—Br 
Cr--A,~ A, 
00--A,~ Ais 
1t 101 101 16(Br #0) (HL) w (00C), 
10 011 011 14(Br=0) Q HL,~1~HL, 
Cr-1-Cr 
Br-1-Br 
Repeat Q until 
Br=0 
Cr-+Ay~A, 
00-A,~ Ais 
11 101 101 14(Br+#0) (HL) «(BC), 
10 111 O11 12(Br=0) | Q| HLa-1~HL, 
Br-1--Br 
Repeat Q until 
Br=0 
Cr--Ay~A, 
Br-A,~ Ais 
1 101 101 (HL) 4 (BC), 
10 100 011 HL, +1~-HL, 
Br-1—Br 
CroA,~A, 
Br--A,~ Aj; 
11 101 101 14(Br#0) (HL) 4 (BC), 
10 110 011 12(Br=0) | Q} HL, +1-HL, 
Br-1--Br 
Repeat Q until 
Br=0 
Cr+Ay~A, 
Br-A,~ Ais 
TSTIO m** 11 101 101 (00C), +m 
01 110 100 Cr--A,~A, 
cm > 00--A,~ Ais 
OTIM ** 11 101 10) (HL) w+ (00C), 
10 000 011 HL, +1-HL, 
Cr+17Cr 
Br-1-Br 
Cr>A,~A, 
00-+A,~ Ais 
OTIMR ** 11 101 101 1 (HL)y->(00C), 
10 010 011 14(Br= Q HL,+1-HL, 
Cr+1-Cr 
Br-1->Br 
Repeat Q until 
Br=0 
Cr--A,~ A; 
00-A,~ Ais 
il 101 101 (HL) «7 (BC), 
10 10] O11 HL,-1~HL, 
Br-1-Br 
Cr-A,~A; 
Br-A,~ Ais 





Note: 5 Z= 1. Br—-1=0 
= 0. Br—-1 # 0 

6 N= 1: MSBof Data = 1 

N = 0: MSB of Data = 0 
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Special Control Instructions 


Table 21 Special Control 


Operation 
Name memes 


Special 


Function 





11 110 012 
1} Ill 01 
01 110 110 
11 101 101 
01 000 110 
11 101 101 
01 010 110 
11 101 101 
01 011 110 
00 000 000 
11 101 101 
01 110 110 








eas 























Addressing 


Note 7 Interrupts are not sampled at the end of DI or EI. 
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Opcode wine] EXT | IND REG REGI me REL Bytes 


Carry CCF 00 111 111 3 
Control SCF 00 110 111 3 


io) Rm oe Re ee 


nm 


n 





States 
4 


Operation 
Decimal 
Adjust 
Accumulator 
CC 
19C 
O-IEF,, O-IEF, = 7 
1o]EF, 1-IEF, 7 
CPU halted 
Interrupt 
mode 0 
Interrupt 
mode | 
Interrupt 
mode 2 
No operation 
Sleep 
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@ INSTRUCTION SUMMARY IN ALPHABETICAL ORDER 


2 2 6 


ADC A,m 
ADC A,g 
ADC A, (HL) 
ADC A, (IX+d) 
ADC A, (IY+d) 
ADD A,m 
ADD A,g 
ADD A, (HL) 
ADD A, (IX+ d) 
ADD A, (IY +d) 
ADC HL,ww 
ADD HL,ww 
ADD IX,xx 
ADD IY. yy 
AND m 
AND g 
AND (HL) 
AND (IX+ d) 
AND (IY+ d) 
BIT b, (HL) 
BIT b, (IX+ d) 
BIT b, (IY+d) 
BIT bg 
CALL f,mn 























































14 
14 
10 
7 
10 
10 
6 
4 
6 
14 
14 
9 
15 
15 
6 
6 





oN aA OW DA NY NY NY OWWMeaantnendooa Ye NY OD OD NY N 





(If condition is false) 
16 


(If condition is true) 


(continued) 


Note +*+* : New instructions added to Z80 
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3 6 16 


CALL mn 
CCF 
CPD 
CPDR 
















1 1 3 
12 
14 
(if BCp#O and Ars (HL)y) 
12 
(if BCp=O or Ar= (HL)y) 
6 
12 
14 
(If BCR#=O and Ar# (HL)y) 
12 
(if BCp=O or Ar= (HL)y) 
14 
14 

3 
6 












CP (IX+d) 
CP (IY+d) 
CPL 
CP m 
CP g 
DAA 
DEC (HL) 
DEC IX 
DEC IY 
DEC (IX+d) 
DEC (IY+d) 
DEC g 
DEC ww 
DI 










ah 






















fS 


—_ 


mo HO OW © W WB fF NO NY WN 
—_ == 
Oo fF Ff © ON N OO FF 









—_ 


(continued) 
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9 (If Br#O) 
7 (lf Br=0) 
El 3 
EX AF,AF’ 4 
EX DE,HL 3 
EX (SP),HL 16 
EX (SP),IxX 19 
EX (SP),IY 19 
EXX 
HALT 
IM O 
IM 1 
IM 2 
INC g 
INC (HL) 
INC (IX+ d) 
INC (IY+ qd) 
INC ww 
INC IX 
INC IY 
IN A,(m) 
IN g,(C) 
INI 


9 

9 
12 
14 (If Br#O) 
12 (If Br=0) 
12 
14 (If Br#O) 





INIR 


2 
2 
2 
2 
4 
8 
8 
2 
3 
3 
3 
3 
4 
6 
4 
4 
6 


MO MO DO NH NHB NP NY NYP WN 





(continued) 
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INDR 12 (If Br=O) 
INO g,(m)** 12 
JP f,mn 6 
(if f is false) 
9 
(If f is true) 
JP (HL) 
JP (Ix) 
JP (ly) 
JP mn 
JR j 
JR C,j 6 
(if condition is false) 
8 
(If condition is true) 


6 


(If condition is false) 


8 


(If condition is true) 
6 

(If condition is false) 
8 

(If condition is true) 
6 

(if condition is false) 
8 


(If condition is true) 





(continued) 
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1 6 


LD A, (BC) 
LD A, (DE) 
LD Al 

LD A, (mn) 
LD A,R 

LD (BC),A 
LDD 

LD (DE),A 





LD ww,mn 
LD ww,(mn) 


LDDR 


18 
14 (if BCR#0) 
12 (If BCp=0) 
9 
15 
j 
12 
6 
14 (If BCR#0) 
12 (If BCRp=0) 
12 
18 
15 
15 
12 
18 
15 
15 


LD (HL),m 
LD HL,(mn) 
LD (HL),g 
LDI 

LD LA 
LDIR 


um 


LD IX,mn 

LD IX,(mn) 
LD (IX+d),m 
LD (X+d),g 
LD IY,mn 

LD lY,(mn) 
LD (IY+d),m 
LD (IY+d),g 





~ a Oo fF N OO OO FP FP OD YS FP WO OT WwW FP DDwW Ww FP W NY FP VY NY NV 


oO fF Fb F&F Ww FF FP F HS YP YP WN 


(continued) 


@ HITACHI 
Hitachi America, Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 751 





HD641180X, HD643180X, HD647180X 


3 13 


LD (mn),A 





LD (mn),ww 
LD (mn),HL 
LD (mn),IX 
LD (mn),IY 
LD R,A 

LD g,(HL) 
LD g,(IX+q) 
LD g,(1Y+d) 
LD g.m 

LD g,g’ 

LD SP,HL 
LD SP,IX 
LD SP,IY 
MLT ww** 
NEG 

NOP 

OR (HL) 

OR (IX+ d) 
OR (lY+ qd) 
OR m 

OR g 
OTDM** 
OTDMR** 


—_ 
Oo wow On NN N PP HP OC 


“"~ HO WW WNH NY NHY OW DN NY wn xv ON OF 


> ff 


4 
14 

16 (If Br#O) 
14 (If Br=0) 
14 (If Br=0O) 
12 (lf Br=0) 


-OO WA Oa NYO NY DO MH WN 


(continued) 
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2 14 


16 (If Br#0O) 
14 (lf Br=0) 
14 (if Br#O) 
12 (If Br=0) 
12 
12 
10 
10 
13 
12 
12 
9 
14 
14 
11 
13 
19 
19 
7 
9 
5 


MNEMONICS 


OTIM** 
OTIMR** 




































OUTD 
OUTI 
OUT (m),A 
OUT (C),g 
OUTO (m),g*™* 
POP IX 
POP IY 

















NO NO W DY NY NYO NY YM NYP NY WN 





POP zz 











PUSH IX 
PUSH IY 
PUSH zz 
RES b,(HL) 
RES b,(IX+ d) 
RES b,(IlY+ d) 
RES bg 
RET 











RET f 


Oo Won vn uraenodo w ff’ FF a FP FP FP FF HF HDD GO DH 









(If condition is false) 


10 








(If condition is true) 
22 
12 





(continued) 
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RLA 1 1 3 


RLCA 

RLC (HL) 
RLC (IX+d) 
RLC (IY+d) 
RLC g 

RLD 

RL (HL) 

RL (IX+ d) 
RL (IY + d) 
RL g 

RRA 

RRCA 

RRC (HL) 
RRC (IX+ d) 
RRC (IY+d) 
RRC g 

RRD 

RR (HL) 

RR (IX+d) 
RR (IY + d) 
RR g 

RST v 

SBC A,(HL) 
SBC A,(IX+ d) 
SBC A,(IY+ d) 
SBC A,m 


oh 
ax 





mM FF FPF HB HB HB LH LF WN 
oOo nxn vn oO OO WO NN OF 


— aod 
—_  ao=d 


2 
4 
4 
2 
2 
2 
4 
4 
2 


—_ 


wah 
yo © OO NO A WwW nN wn OF DO WD NN N OW 


No Wd W 


(continued) 
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1 2 4 


SBC A,g 


NO 
Oo) 


10 





SBC HL,ww 
SCF 
SET b, (HL) 
SET b,(IX+ d) 
SET b,(IY + d) 
SET bg 
SLA (HL) 
SLA (IX+ d) 
SLA (IY +d) 
SLA g 
SLP** 
SRA (HL) 
SRA (IX-+ d) 
SRA (IY+d) 
SRA g 
SRL (HL) 
SRL (IX+ d) 
SRL (IY+ d) 
SRL g 
SUB (HL) 
SUB (IX+d) 
SUB (IY + d) 
SUB m 
SUB g 
“*TSTIO m 
“TST g 


— 


NO —& FP HO HB HP SF HY NY YB HP FP HB HB HF HF DN 





ny Gd WS = 


aah 


5 
v 
7 
3 
5 
7 
7 
3 
2 
5 
7 
7 
3 
5 
7 
7 
3 
2 
6 
6 
2 
2 
4 
3 


(continued) 
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TST m** 9 











TST (HL)** 10 
XOR (HL) 6 
XOR (IX+ d) 14 
XOR (IY+d) 14 
XOR m 6 


XOR g 
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@ OPCODE MAP 


Table 22 First Opcode Map 


instruction format: XX 


| zz 
cag 
|v | 
| O | 
| 1 
ne 
oa 
| 5 | 
He 
hal 
| A | 
| B 
| 0 | 
| E 
ae 


glo = 8 — F) 





Notes: 1. (HL) replaces g. 
2. (HL) replaces s. 
3. If DDH is added as first opcode for the instructions which have HL or (HL) as an operand 
in table 1, the instructions are executed replacing HL with IX and (HL) with (IX + d). 


ex: 22H: LD (mn), HL 
DDH 22H: LD (mn), IX 





If FDH is added as first opcode for the instructions which have HL or (HL) as an operand 
in table 1, the instructions are executed replacing HL with IY and (HL) with (IY + qd). 


ex: 34H: INC (HL) 
FDH 34H: INC (IY + d) 


However, JP (HL) and EX DE, HL are exceptions. Note the followings: 

If DDH is added as first opcode for JP (HL), (IX) replaces (HL) as operand and JP (IX) is 
executed. 

If FDH is added as first opcode for JP (HL), (IY) replaces (HL) as operand and JP (IY) is 
executed. 

Even if DDH or FDH is added as first opcode for EX DE, HL, HL is not replaced and the 
instruction is regarded as illegal. 
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Table 23 Second Opcode Map 
Instruction format: CB XX 


b (Lo = 0 — 7) 
po; 2;4{6;/o;2}4}6e6e/o] 12) 4/6 
(0010/0011 0100/0101 /0110/0111| 1000] 1001 | 1010] 1011 1100/1101] 1110 
p2; 3} 4] 5767}; 8 1/9 ATBICTOTLE|F | 


BIT b,g RES b,g SET bg 


(Note 1) (Note 1) (Note 1) 


BIT b,g RES b,g SET b,g 


(Note 1) (Note 1) (Note 1) 


p41} 5 6;7}; 8 /otTAlTBic}oOTe|F | 
pt T SPT SE 7 TT ST SE TTT ST 5 7 


b (Lo = 8 — nF) 





Note 1 If DDH ts added as first opcode for the instructions which have (HL) as operand in table 2, the instructions are executed replacing (HL) with (IX + 
d) 
If FDH is added as first opcode for the instructions which have (HL) as operand in table 2, the instructions are executed replacing (HL) with (IY + 
d) 


Table 24 Second Opcode Map 
Instruction format: ED XX 





OUTO (m),g 
LD (mn), ww . OTIMJOTIMR] OUTI | OT 


TST g TST HD) 


ADC HL, ww 


_IND_| INDR_ 
LD_ww, (mn) OTDMOTDMR| OUTD| OTDR 


MLT ww 


g (Lo = 8 — F) 
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@ BUS AND CONTROL SIGNAL CONDITION IN EACH MACHINE CYCLE 








Machine 
Instruction Cycle States Address Data RD WR OME i0E LR HALT ST 
ADD HL.ww MC, TiT2T3 1st opcode 1st 1 0 1 0 1 0 
Address opcode 
MC2— = TiTiTiTi : Z 1 1 1 1 1 1 1 
MCs 
ADD IX,xx MC, TiT2T3 1st opcode 1st 0 1 0 1 0 1 6) 
ADDIY,yy Address opcode 
MC2 TiTe2Ts 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3— = TiTiTiTi . z 1 1 1 1 1 1 1 
MCe 
ADC HL.ww MC; TiTeT3 1st opcode 1st 6) 1 O 1 0 1 0 
SBC HL,ww Address opcode 
MC2 TiT2T3 2nd opcode 2nd 0 1 0 1 6) 1 1 
Address opcode 
MCs— _—TiTiTiTi . zZ 1 1 1 1 1 1 1 
MCe 
ADD Ag MC, TiT2T3 1st opcode 1st 0 1 0 1 0 1 0) 
ADC A.g Address opcode 
SUB g 
SBC Ag MC2 Ti * Z 1 1 1 1 1 1 1 
AND g 
ORg 
XOR g 
CPg 
ADD A,m MC; TiTe2T3 1st opcode 1st 0 1 0 1 0 1 0 
ADC A,m Address opcode 
SUB m 
SBC A.m MC2 TiTeTs 1st operand m 0 1 0 1 1 1 1 
AND m Address 
ORm 
XOR m 
CPm 
ADD A, (HL) MC; TiTeT3 1st opcode 1st 0 1 0 1 0 1 0 
ADC A, (HL) Address opcode 
SUB (HU 
SBC A, (HL) MC2 TiTeT3 HL Data 0 1 0 1 1 1 1 
AND (HL) 
OR (HL) 
XOR (HL) 
CP (HL) 
ADD A, (IX+ d) MC, TiT2T3 1st opcode 1st 0 1 6) 1 0 1 0 
ADD A, (IY +d) Address opcode 
ADC A, (iX+ d) 
ADC A, (IY+d) MC2 TiTeT3 2nd opcode 2nd 0 1 0 1 0 1 1 
SUB (iX+ d) Address opcode 
SUB (IY + d) 
SBC A, (IX+ d) 
tinued 
Note: « (Address): invalid peonewuen) 
Z (Data): High impedance. 
«; New instructions added to Z80 
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Machine 
Instruction Cycle States Address Data RD WR OME 10E LIR- HALT ST 
SBC A, (IY+d) MC2 TiTeT3 1st operand d 0 1 0 1 1 1 1 
AND (IX+ d) Address 
AND (IY+d) 
OR (IX+q) MCa— = Tit . Z 1 1 1 1 1 1 1 
OR (IY+d) MCs 
XOR (IX+d) 
XOR (IY+qd) MCe TileT3 IX+d Data 0 1 0 1 1 1 1 
CP (IX+ d) IY+d 
CP (IY+ d) 
BIT b,g MC; TiTe2Ts3 Ist opcode Ist (@) 1 0 1 6) 1 0 
Address opcode 
MC2 TiTo2T3 2nd opcode 2nd O 1 0 1 0 1 1 
Address opcode 
BIT b, (HL) MC; T1TeT3 Ist opcode Ist 6) 1 0 1 0 1 0 
Address opcode 
MC2 TiT2T3 2nd opcode 2nd 0 1 6) 1 0 1 1 
Address opcode 
MCs TiTe2T3 HL Data 0 1 0 1 1 1 1 
BIT b, (IX+ d) MC; TiTe2T3 1st opcode 1st (0) 1 O 1 O 1 @) 
BIT b, (IY+d) Address opcode 
MC2 TiTeT3 2nd opcode 2nd 0 1 6) 1 O 1 1 
Address opcode 
MC3 TiTe2T3 1st operand d 0 1 0) 1 1 1 1 
Address 
MC, TiT2T3 3rd opcode 3rd 6) 1 0 1 O 1 1 
Address opcode 
MCs TileTs3 IX+d Data 0 1 0 1 1 1 1 
Y+d 
CALL mn MC; TiTeT3 1st opcode 1st 0 1 0 1 0 1 0 
Address opcode 
MC 2 TiTeT3 1st operand n 6) 1 0) 1 1 1 1 
Address 
MC3 TiTeT3 2nd operand m 0 1 0 1 1 1 1 
Address 
MC, Ti * Z 1 1 1 1 1 1 1 
MCs TiTe2T3 SP— 1 PCH 1 0 0 1 1 1 1 
MCe TiTeT3 SP— 2 PCL 1 6) 6) 1 1 1 1 
CALL f,mn MC, TiTeT3 1st opcode 1st 0 1 0 1 0 1 0) 
(if condition Address opcode 
is false) MC2 TiToTa 1st operand n 0 1 0 1 1 1 1 
Address 
(continued) 
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Machines 
Instruction Cycle States Address Data RD WR ME i0E UR HALT ST 
CALL f,mn MC, TiToTs 1st opcode 1st 0 1 @] 1 0 1 0 
(if condition Address opcode 
is true) MCo 9 TiTsTs 1st operand n 0 1 0 1 1 1 1 
Address 
MC3 TiTe2Ts 2nd operand m (@) 1 O 1 1 1 1 
Address 
MC, Ti = Z 1 1 1 1 1 1 1 
MC; TiToTs SP—1 PCH 1 0 0 1 1 1 1 
MCe TiTeT3 SP—-2 PCL 1 0 0 1 1 1 1 
CCF MC, TiTeTs3 1st opcode 1st 1) 1 0 1 0 1 8) 
Address opcode 
CPI MC ; TiTeT3 1st opcode 1st 0 1 0) 1 0 1 0 
CPD Address opcode 
MC> TiTeoTs3 2nd opcode 2nd 0 1 0) 1 @) 1 1 
Address opcode 
MC; TiTeaTs HL Data 0 1 0 1 1 1 1 
MCs— = Titith Z 1 1 1 J 1 1 1 
MC. 
CPIR MC, TiToTs Ist opcode Ist 0 1 0 1 6) 1 6) 
CPDR Address opcode 
if BCRFO and Cn TTT 2nd opcode 2nd 0 1 0 1 0 1 1 
Ar# (HU) Address opcode 
MC3 TiToT3 HL Data 0 1 0 1 1 1 1 
MCa— = Tits . zZ 1 1 1 1 1 1 1 
MCs 
CPIR MC, TiTeoTs3 1st opcode 1st 0 1 0 1 0 1 0 
CPDR Address opcode 
(If BCA=O or MC> — TiteTs 2nd opcode 2nd 0 1 o 14 Oo 1 1 
Ar= (HL)y) Address opcode 
MC3 TiToTs HL Data 0 1 0 1 1 1 1 
MC3— = TitiTi y Z 1 1 1 1 1 1 1 
MC. 
CPL MC, TiToTs3 ist opcode ist 0 1 0 1 0] 1 0 
Address opcode 
DAA MC, TiTeTs 1st opcode 1st ‘¢] 1 0) 1 0 1 0 
Address opcode 
MC? Ti . Z 1 1 1 1 1 1 1 
Di (Note 1) MC, TiTeT3 1st opcode 1st 0 1 ‘e) 1 Oo 1 a) 
Address opcode 
(continued) 
Note: 1 Interrupt request ts not sampled 
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Machine 
Instruction Cycle States Address Data RD WR ME i0E' LR HALT ST 
DJNZ 3 MC; TiT2Ts Ist opcode 1st 0) 1 0 1 (@) 1 0 
(If Br#0) Address opcode 
MC? Ti (Note 2) * zZ 1 1 1 1 1 1 1 
MC3 TiTe2T3 1st operand j-2 0 1 6) 1 1 1 1 
Address 
MC4— = Til . Z 1 1 1 1 1 1 1 
MCs 
DJNZ j MC, TiT2T3 1st opcode 1st 0 1 0 1 10) 1 0 
(If Br= 0) Address opcode 
MC2 Ti (Note 1) * Z 1 1 1 1 1 1 1 
MC 3 TiTeT3 1st operand j-2 0 1 0 1 1 1 1 
Address 
El (Note 3) MC ; TiToT3 1st opcode 1st 6) 1 0 1 0 1 0 
Address opcode 
EX DE, HL MC, TiTe2T3 Ist opcode 1st 0 1 6) 1 0 1 0) 
EXX Address opcode 
EX AF, AF’ MC; TilTeTs3 1st opcode Ist 0 1 0 1 0 1 0) 
Address opcode 
MC:2 Ti . Z 1 1 1 1 1 1 1 
EX (SP), HL MC; TiTeaTs 1st opcode 1st 0 1 0 1 O 1 0 
Address opcode 
MC2 TiT2T3 SP Data 0 1 0 1 1 1 1 
MC3 TiTeTs SP+ 1 Data 0 1 0 1 1 1 1 
MC, Ti : Z 1 1 1 1 1 1 1 
MCs; TiTeT3 SP+ 1 H 1 0) 0 1 1 1 1 
MCe TiTe2Ts SP L 1 0 0 1 1 1 1 
EX (SP),IX MC, TiTeTs Ist opcode Ist 0 1 0 1 0 1 0 
EX (SP),IY Address opcode 
MC2 TiloTs 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 TiTeT3 SP Data 0 1 0 1 1 1 1 
MC4 TiTeT3 SP+ 1 Data 0 1 0 1 1 1 1 
MC; Ti . Z 1 1 1 1 1 1 1 
(continued) 


Note 2 DMA, refresh, or bus release cannot be executed after this state (Request is ignored ) 
3 Interrupt request is not sampled 
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Machine 
instruction Cycle States Address Data RD WR ME i0E LR HALT ST 
EX (SP), Ix MCs TiTeT3 SP+ 1 IXH 1 8) 0 1 1 1 1 
EX (SP), lY YH 
MC? TiTeT3 SP IXL 1 (0) O 1 1 1 1 
YL 
HALT MC; TiTeT3 1st opcode 1st 0 1 0 1 0 1 6) 
Address opcode 
Next opcode Next 0 1 10) 1 O 0 0 
Address opcode 
IM O MC; TiTeTs 1st opcode 1st 0 1 0 1 0 1 0) 
IM 1 Address opcode 
M2 MC2 9 TiTeTs 2nd opcode 2nd 0 1 0 1 ) 1 1 
Address opcode 
INC g MC, TiTeTs 1st opcode Ist 6) 1 0 1 0 1 0 
DEC g Address opcode 
MC. Ti e Z 1 1 1 1 1 1 
INC (HL) MC, TiTe2T3 1st opcode 1st 0 1 0 1 8) 1 0) 
DEC (HL) Address opcode 
MC? TiT2T3 HL Data 0 1 0 1 1 1 1 
MC3 Ti . Z 1 1 1 1 1 1 1 
MCs TiTeoTs HL Data 1 0 0 1 1 
INC (IX+ d) MC; TiTeTs 1st opcode 1st 0 0 1 6) 1 0 
INC (IY+ d) Address opcode 
MC: TiToT3 2nd opcode 2nd 0 1 0 1 0 1 1 
DEC (IX+ d) Address opcode 
DEC (IY+d) 
MC3 TiTeTs ist operand d 6) 1 0) 1 1 1 1 
Address 
MC4— — TiTi : Z 1 1 1 1 1 1 1 
MCs 
MCe TiTe2T3 iX+d Data 0 1 0 1 1 1 1 
Y+d 
MC; Ti ‘ Z 1 1 1 1 1 1 1 
MCs TiToT3 iX+d Data 1 6) 0 1 1 1 1 
Y+d 
INC ww MC; TiTeT3 1st opcode 1st 0 1 0 1 @] 1 0 
DEC ww Address opcode 
MCo2 Ti ‘ Z 1 1 1 1 1 1 1 
INC IX MC, TiTeTs 1st opcode 1st 0 1 0 1 Oo 1 0 
INC IY Address opcode 
MC? TiTeTs 2nd opcode 2nd 0 1 0 1 @) 1 1 
DEC Ix Address opcode 
DEC IY 
MC; Ti . z 1 1 1 1 1 1 1 
(continued) 
@ HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


763 








HD641180X, HD643180X, HD647180X 











Machine 
Instruction Cycle States Address Data RD WR ME 10E LIR HALT ST 
IN A,(m) MC ; TiTeT3 1st opcode 1st 0) 1 0 1 1 e) 
Address opcode 
MC>2 TiTeTs 1st operand m 0 1 0) 1 1 1 1 
Address 
MC3 TiTe2Ts m to Ao—A7z Data 0) 1 1 O 1 1 1 
A to As—Ais 
IN g,(C) MC; TiTeTs 1st opcode 1st 0) 1 ) 1 0 1 0 
Address opcode 
MC2 TiTeTs 2nd opcode 2nd O 1 0 1 O 1 1 
Address opcode 
MC3 TiTe2T3 BC Data 0 1 1 0 1 1 1 
INO g,(m)** MC, TiT2T3 1st opcode Ist 1 O 1 0 1 ) 
Address opcode 
MC2 TiloaTs3 2nd opcode 2nd 0 1 0 1 O 1 1 
Address opcode 
MC3 TiTe2T3 Ist operand m ¢) 1 0 1 1 1 1 
Address 
MC, TiTeTs m to Ao—A7 Data 0 1 1 0 1 1 1 
OOH to As—Ai15 
INI MC; TiTe2T3 1st opcode Ist 0 1 0 1 0 1 0) 
IND Address opcode 
MC2 T1iT2T3 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 TiTeaTs BC Data 0) 1 1 O 1 1 1 
MC, TilTeoTs HL Data 1 (6) 1 1 1 1 
INIR MC ; TiloTs3 1st opcode 1st 6) 1 1 6) 1 0) 
INDR Address opcode 
(lf Br 0) MC. TiTaTs 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 TiTe2T3 BC Data 0 1 1 0 1 1 1 
MC,4 TiTe2T3 HL Data 1 0 6) 1 1 1 1 
MCs— Titi = Z 1 1 1 1 1 1 1 
MCe 
INIR MC; TiT2T3 1st opcode 1st 0) 1 0 1 O 1 0 
INDR Address opcode 
(lf Br= 0) MC. Tales 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 TiT2T3 BC Data 0 1 1 0 1 1 1 
MC4 TiTe2Ts3 HL Data 1 0 0 1 1 1 1 
(continued) 
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Machine 
Instruction Cycle States Address Data RD WR ME 10E iR~- HALT ST 
JP mn MC; TileTs3 1st opcode 1st 0 1 0 1 1 @) 
Address opcode 
MC>2 TiTe2T3 1st operand n 6) 1 0) 1 1 1 1 
Address 
MC3 TiT2T3 2nd operand m 0) 1 0 1 1 1 1 
Address 
JP f,mn MC; TiTeTs3 1st opcode 1st 0) 1 O 1 0 1 0) 
(If f is false) Address opcode 
MC> TileT3 1st operand n 0 1 0 1 1 1 1 
Address 
JP f,mn MC, TiTeT3 1st opcode 1st 0 1 0 1 0 1 0 
(If f is true) Address opcode 
MC> TiToTs 1st operand n 0) 1 O 1 1 1 1 
Address 
MC3 TiToT3 2nd operand m 0 1 0 1 1 1 1 
Address 
JP (HL) MC, TiT2T3 1st opcode 1st O 1 O 1 0 1 0 
Address opcode 
JP (IX) MC, TiToTs 1st opcode 1st O 1 O 1 O 1 O 
JP (ly) Address opcode 
MC2 TiT2T3 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
JRy MC, TiT2T3 1st opcode 1st O 1 0) 1 0 1 6) 
Address opcode 
MC2 TiTe2T3 1st operand J-2 0 1 6) 1 1 1 1 
Address 
MC3— Tih : z 1 1 1 1 1 1 1 
MC, 
JR Cy JR NC,) MC, TileTs 1st opcode 1st 0 1 O 1 O 1 0 
JR Z JR NZ, Address opcode 
(If condition MC. 9 TiT2Ts 1st operand 1-2 0 1 O 1 1 1 1 
is false) Address 
JRC, JR NC, MC, TiTeTs3 1st opcode 1st 0 1 0 1 0 1 0 
JR 2 JR NZ, Address opcode 
(If condition MC. TiteTs 1st operand 1-2 O 1 0 1 1 1 1 
is true) Address 
MC3— = Trtlh : Z 1 1 1 1 1 1 1 
MC, 
LD g,g’ MC, TiTe2T3 1st opcode 1st 0 1 0 1 0) 1 6) 
Address opcode 
MC2 TI 5 Z 1 1 1 1 1 1 1 
LD g,m MC, TiT2T3 1st opcode 1st O 1 0 1 8) 1 0 
Address opcode 
MC2 TiT2T3 1st operand m 6) 1 0 1 1 1 1 
Address 
(continued) 
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Machine 
instruction Cycle States Address Data RD WR ME i0E iiR HALT sT 
LD g, (HL) MC, TiTe2T3 Ist opcode Ist 0 1 ‘e) 1 0 1 0 
Address opcode 
MC2 TiTeT3 HL Data @) 1 0 1 1 1 1 
LD g, (IX+d) MC; TiT2T3 1st opcode 1st fe) 1 0 1 0 1 fe) 
LD g, (IY+d) Address opcode 
MC2 TiTe2T3 2nd opcode 2nd 0 1 6) 1 6) 1 4 
Address opcode 
MC3 TiTe2T3 1st operand d 0) 1 @) 1 1 1 1 
Address 
MC,— — TiTi : Z 1 1 1 1 1 1 1 
MCs 
MCe TiTeT3 IX+d Data 0) 1 0 1 1 1 1 
IY+d 
LD (HU.g MC; TiToT3 1st opcode 1st (@) 1 0 1 0 1 0 
Address opcode 
MC2 Ti ‘ Z 1 1 1 1 1 1 
MC3 TiToT3 HL g 1 0 0 1 1 1 1 
LD (IX+d),g MC; TiT2T3 1st opcode Ist 0 1 oO 1 0 1 0 
LD (I¥Y+d),g Address opcode 
MC2 TiTeT3 2nd opcode 2nd 6) 1 O 1 0 1 1 
Address opcode 
MC3 TiTeT3 1st operand d 0 1 6) 1 1 1 1 
Address 
MCa— = TiTiTi Z 1 1 1 1 1 1 1 
MCe 
MC; TiTeT3 IX+d g 1 0 0) 1 1 1 1 
Y+d 
LD (HL),m MC; TiTeT3 Ist opcode Ist 0 1 0 1 0 1 0 
Address opcode 
MC>2 TiTeT3 Ist operand m 0 1 0] 1 1 1 1 
Address 
MC3 TiToT3 HL. Data 1 0 0 1 1 1 1 
LD (IX+d),m MC; TiTeT3 1st opcode 1st 0 1 @) 1 6) 1 0) 
LD (I¥Y+d),m Address opcode 
MC2 TiTeTs 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 TiTaT3 1st operand d 0 1 0 1 1 1 1 
Address 
MC, Tile2Ts 2nd operand m .¢] 1 0 1 1 1 1 
Address 
MCs TiTeTs IX+d Data 1 (0) 0 1 1 1 1 
iY+d 
LD A, (BC) MC, T1TeT3 1st opcode 1st 0 1 0 1 0 1 8) 
LD A, (DE) Address opcode 
(continued) 
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Machine 
Instruction Cycle States Address Data RD WR ME ji0E OLR HALT ST 
LD A, (BC) MC» TiTeTs BC Data 0 1 0 1 1 1 1 
LD A, (DE) DE 
LD A,(mn) MC, TiTeTs 1st opcode 1st 0 1 O 1 0 1 O 
Address opcode 
MC2 T1iTe2T3 1st operand n 0 1 0 1 1 1 1 
Address 
MC3 TiTeTs 2nd operand m 0) 1 0 1 1 1 1 
Address 
MC, TiTe2T3 mn Data @) 1 0 1 1 1 1 
LD (BC),A MC; TiTeT3 1st opcode 1st 6) 1 ) 1 O 1 0 
LD (DE),A Address opcode 
MC2 Tt Z 1 1 1 1 1 1 1 
MC3 TiT2T3 BC A 1 0 (@) 1 1 1 1 
DE 
LD (mn),A MC, T1T2T3 1st opcode 1st O 1 0) 1 0 1 8) 
Address opcode 
MC>2 TiTeT3 1st operand n 0 1 0 1 1 1 1 
Address 
MC3 TiT2T3 2nd operand m 0 1 0 1 1 1 1 
Address 
MC, Ti : zZ 1 1 1 1 1 1 1 
MCs TiTeoTs mn A 1 0 0 1 1 1 1 
LDA (Note 4) MC, TiTeTs 1st opcode Ist 0 1 0) 1 0 1 ¢) 
LD A,R Address opcode 
LD LA MC2 TiTe2T3 2nd opcode 2nd 0 1 0 1 6) 1 1 
LD R,A Address opcode 
LD ww, mn MC, TiTe2T3 1st opcode 1st 0 1 0 1 0 1 6) 
Address opcode 
MC2: TiTeTs3 1st operand n 0 1 0 1 1 1 1 
Address 
MC3 TiTeT3 2nd operand m 0 1 0 1 1 1 1 
Address 
LD IX,mn MC, TiTe2T3 1st opcode 1st 0 1 0 1 0 1 0 
LD lY,mn Address opcode 
MC2 TiTeTs 2nd opcode 2nd (6) 1 ) 1 0 1 1 
Address opcode 
MCs; TiTeT3 1st operand n 0 1 0 1 1 1 1 
Address 
MC, TiTe2T3 2nd operand m 0 1 0 1 1 1 1 
Address 
LD HL, (mn) MC, TiT2Ts 1st opcode 1st 8) 1 0 1 0 1 ) 
Address opcode 
MC TiToT3 1st operand n 0 1 0 1 1 1 1 
Address 
; (continued) 
Note 4 Interrupt request is not sampled 
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Machine 
Instruction Cycle States Address Data RAD WR ME i0E iiR HALT st 
LO HL, (mn) MC; TiT2T3 2nd operand m 0 1 8) 1 1 1 1 
Address 
MC. TiTeTs mn Data Oo QO 1 1 
MCs TiTe2T3 mnt 1 Data 0 1 O 1 1 1 1 
LD ww,(mn) MC; TiT2T3 1st opcode Ist 0 0 1 0 1 6) 
Address opcode 
MC2 TiT2T3 2nd opcode 2nd (e) 1 0) 1 0 1 1 
Address opcode 
MCs TiT2T3 1st operand n 6) 1 (¢) 1 1 1 1 
Address 
MC, TiToT3 2nd operand m 0 1 (¢) 1 1 1 1 
Address 
MCs TiTaT3 mn Data 0 1 0 1 1 1 1 
MC. TiTeTs mnt 1 Data O 1 9] 1 1 1 1 
LD 1X,(mn) MC, TiTeTs 1st opcode 1st QO 1 8) 1 0) 1 0) 
LD IY,(mn) Address opcode 
MC2 TiTe2T3 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 TiToTs 1st operand n OQ 1 0 1 1 1 1 
Address 
MC, TiTeTs 2nd operand m ¢) 1 ‘@) 1 1 1 1 
Address 
MCs TiTeT3 mn Data 0) 1 6) 1 1 1 1 
MCe TiT2T3 mn+ 1 Data 0 1 0 1 1 1 1 
LD (mn), HL MC; TiTe2T3 1st opcode Ist 0 1 0 1 0 1 8) 
Address opcode 
MC2 TiTe2T3 1st operand n Q 1 0 1 1 1 1 
Address 
MC3 TiTe2T3 2nd operand m 0 1 ‘e) 1 1 1 1 
Address 
MC, Th : Z 1 1 1 1 1 1 1 
MCs T:TeT3 mn L 1 0 0 1 1 1 1 
MCs TiTeT3 mn-+ 1 H 1 OQ 0 1 1 1 1 
(continued) 
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Machine 
Instruction Cycle States Address Data RD WR ME iOE LIR HALT ST 
LD (mn),ww MC, TiTeT3 1st opcode 1st 0) 1 ¢) 1 0 1 fe) 
Address opcode 
MCo2 TiToT3 2nd opcode 2nd 0 1 0) 1 0 1 1 
Address opcode 
MC3 TiToT3 1st operand n 0 1 0 1 1 1 1 
Address 
MC, TiTe2T3 2nd operand m 0 1 0 1 1 1 1 
Address 
MCs Tt : Z 1 1 1 1 1 1 1 
MCe TiTeT3 mn ww 1 0 1) 1 1 1 1 
MC; TiTe2T3 mn+ 1 wwH 1 0 0 1 1 1 1 
LD (mn),IX MC; TiT2T3 ist opcode 1st 0 1 O 1 0 1 0 
LD (mn),lY Address opcode 
MC 2 TiloTs3 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 TileTs 1st operand n 0 1 0 1 1 1 1 
Address 
MC4 TiT2T3 2nd operand m 0 1 6) 1 1 1 1 
Address 
MCs Ti ° Z 1 1 1 1 1 1 1 
MCe TiT2T3 mn XL 1 0 0 1 1 1 1 
WL 
MC; TiTeT3 mn-+ 1 IXH 1 6) 6) 1 1 1 1 
IYH 
LD SP, HL MC, TiToT3 1st opcode 1st 0 1 0 1 0 1 0 
Address opcode 
MC2 Ti 7 Z 1 1 1 1 1 1 1 
LD SP,IX MC, T1ToT3 1st opcode 1st 0 1 0) 1 0 1 0) 
LD SP,IY Address opcode 
MC2 TiTeT3 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 Ti : Z 1 1 1 1 1 1 1 
LDI MC, TiTeT3 1st opcode 1st 0 1 0 1 0 1 0 
LDD Address opcode 
MC2 T1iToT3 2nd opcode 2nd O 1 6) 1 0 1 1 
Address opcode 
MCs TiTe2T3 HL Data 6) 1 0 1 1 1 1 
MC, TiTe2Ts DE Data 1 0 0 1 1 1 1 
(continued) 
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Machine pee 
Instruction Cycle States Address Data RD WR ME i0E UR HALT ST 
LDIR MC, TiTe2T3 1st opcode 1st 0 1 0 1 8) 1 0 
LDDR Address opcode 
(if BCa#O) MC2 -TiToTs 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC; TiTeTs HL Data 0 1 0 1 1 1 1 
MC, TiTe2Ts DE Data 1 0 (e) 1 1 1 1 
MCs—_ TiTi : Z 1 1 1 1 1 1 1 
MC. 
LDIR MC; TiTe2Ts Ist opcode 1st ‘e) 1 0 1 0 1 0 
LDDR Address opcode 
(if BC,= 0) MC2 9 TiToTs 2nd opcode 2nd 0 1 0 1 ") 1 1 
Address opcode 
MC; TiTeTs HL Data 0 1 0 1 1 1 1 
MC, TiTeT3 DE Data 1 0 0 1 1 1 
MLT ww** MC, TiToT3 Ist opcode 1st (¢) 1 0 1 0 1 6) 
Address opcode 
MC2 TiTe2T3 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3— = TiTiTiTi : Zz 1 1 1 1 1 1 1 
MCi3 — TiTiTiTi 
TiTiTi 
NEG MC; TiT2Ts 1st opcode 1st 0 1 0 1 0 1 0 
Address opcode 
MC2 TiTeT3 2nd opcode 2nd 0 1 0 1 6) 1 1 
Address opcode 
NOP MC, TiTeT3 1st opcode 1st 0 1 0 1 0 1 0 
Address opcode 
OUT (m),A MC, TiT2T3 1st opcode 1st fe) 1 0) 1 6) 1 ) 
Address opcode 
MC2 TiT2T3 Ist operand m 0 1 0 1 1 1 1 
Address 
MCs3 Ti . Z 1 1 1 1 1 1 
MC, TiT2T3 m to Ao—A7 A 1 0 1 6) 1 1 1 
A to As—Ai5 
(continued) 
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Machine 
Instruction Cycle States Address Data RD WR ME i0E LR HALT ST 
OUT (C),g MC, TiTeTs 1st opcode 1st 0 1 0 1 0 1 6) 
Address opcode 
MC2 TiT2T3 2nd opcode 2nd 0 1 6) 1 0 1 1 
Address opcode 
MC3 Ti i Z 1 1 1 1 1 1 1 
MC, TiTeT3 BC g 1 6) 1 6) 1 1 1 
OUTO (m),g’* MC, TiTeT3 1st opcode 1st 0 1 0 1 0 1 ) 
Address opcode 
MC2 TiTeT3 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 TiTe2T3 1st operand m 0 1 0 1 1 1 1 
Address 
MC, Ti : Z 1 1 1 1 1 1 1 
MCs TiTe2T3 m to Ao—A7 g 1 6) 1 0 1 1 1 
OOH to As—Ais 
OTIM** MC, TiTeT3 Ist opcode 1st 0 1 0 1 0 1 0) 
OTDM** Address opcode 
MC2 TiTe2T3 2nd opcode 2nd 0 1 6) 1 6) 1 1 
Address opcode 
MC3 Ti Z 1 1 1 1 1 1 1 
MC, TiTe2T3 HL Data 6) 1 @) 1 1 1 1 
MC 5 TiTeT3 C to Ao—Az Data 1 6) 1 0 1 1 1 
OOH to As—Ais 
MCe Ti ‘ Zz 1 1 1 1 1 1 1 
OTIMR** MC; TiTeT3 1st opcode 1st 0 1 0 1 0 1 0 
OTDMR** Address opcode 
(lf Br=0) MC2 2 TiTeTs 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 Ti i Zz 1 1 1 1 1 1 1 
MC, TiT2Ts HL Data 0 1 6) 1 1 1 1 
MCs TiTeT3 C to Ao— Az Data 1 0 1 @) 1 1 1 
OOH to As—Ai1s 
MCe— — TitiTi zZ 1 1 1 1 1 1 1 
MCs 
OTIMR** MC, TiT2T3 1st opcode 1st 0 1 0 1 0 1 O 
OTDMR** Address opcode 
(if Br= 0) MC. TiToTs 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 Ti ‘ Z 1 1 1 1 1 1 1 
MC, TiTeT3 HL Data 0 1 0 1 1 1 1 
MC 5 TiT2T3 C to Ao—Az Data 1 0 1 0 1 1 1 
OOH to As—Ais 
MCe Ti . Z 1 1 1 1 1 1 1 
(continued) 
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Machine 
instruction Cycle States Address Data RD WR ME i0E CR HALT sT 
OUTI MC; TiToTs Ist opcode 1st ¢) 1 oO 1 0 1 0 
OUTD Address opcode 
MC2 T1T2T3 2nd opcode 2nd 0 1 0 1 0 1 | 
Address opcode 
MC; TiTeT3 HL Data 0 1 0 1 1 1 
MC, TiTeTs BC Data 1 1) ¢] 1 1 1 
OTIR MC; TiTe2T3 1st opcode Ist O 1 '@) 1 0 1 0 
OTDR Address opcode 
(tf Br#0) MC2 TiTeTa 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 T1TeTs HL Data 0 1 0 1 1 1 1 
MC, TiT2T3 BC Data 1 O 1 @] 1 1 1 
MCs—_ TiTi . Zz 1 1 1 1 1 1 1 
MCe 
OTR MC, TiTeT3 1st opcode 1st (@) 1 0 1 0 1 0 
OTDR Address opcode 
(tf Br= 0) MC2 — TiT2Ts 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MCs TiTe2T3 HL Data 0 1 0 1 1 1 1 
MC, TiToTs BC Data 1 0 1 0 1 1 1 
POP zz MC; TiT2T3 Ist opcode 1st 0 1 @) 1 0 1 ‘@] 
Address opcode 
MC2 TiTeTs SP Data 0 1 Oo 1 1 1 1 
MCs TiTe2T3 SP+ 1 Data 0 1 0 1 1 1 1 
POP Ix MC, T1T2T3 1st opcode 1st 0 1 @) 1 0 1 0 
POP IY Address opcode 
(continued) 
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Machine 
instruction Cycle States Address Data RD WR ME i0E LR HALT ST 
POP Ix MC2 TiToT3 2nd opcode 2nd 0 1 0 1 0 1 1 
POP IY Address opcode 
MC3 T1Te2T3 SP Data 0 1 O 1 1 1 1 
MC, TiT2T3 SP+ 1 Data 0 1 0 1 1 1 1 
PUSH zz MC, TiTe2Ts 1st opcode 1st @) 1 O 1 0 1 0 
Address opcode 
MC2—_ TiTi . Zz 1 1 1 1 1 1 1 
MC; 
MC, TiTe2T3 SP— 1 zzH 1 19) 0) 1 1 1 1 
MCs TiT2T3 SP—2 zzb 1 0 0 1 1 1 1 
PUSH IX MC, TiToT3 1st opcode 1st 0 1 0 1 ‘@) 1 0) 
PUSH IY Address opcode 
MC 2 TiTaTs 2nd opcode 2nd 10) 1 0) 1 Q 1 1 
Address opcode 
MC3— = TiTi : Zz 1 1 1 1 1 1 1 
MC, 
MC 5 TiTe2T3 SP—1 IXH 1 0 0 1 1 1 1 
YH 
MC. TiToT3 SP— 2 IXL 1 10) 0 1 1 1 1 
YL 
RET MC, TiTe2T3 1st opcode 1st 6) 1 0 1 0 1 0 
Address opcode 
MC2 TiTe2T3 SP Data '¢) 1 0 1 1 1 1 
MC3 TiTeTs SP+ 1 Data 0 1 0 1 1 1 
RET f MC, TiTe2Ts Ist opcode 1st 0 1 6) 1 0 1 0 
(If condition Address opcode 
is false) MC2— Titi . Z 1 1 1 1 1 1 1 
MC; 
RET f MC, TiTeTs 1st opcode 1st 0 1 0 1 6) 1 0 
(If condition Address opcode 
Is true) MC. Ti . Z 1 1 1 1 1 1 1 
MC; TiTe2T3 SP Data e) 1 0 1 1 1 1 
MC, T1Te2T3 SP+ 1 Data 0 1 0 1 1 1 1 
(continued) 
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Machine 
Instruction Cycle States Address Data RD WR ME 10E' ULR HALT ST 
RET MC; TiTe2T3 Ist opcode Ist 0 1 0 1 O05 1 0) 
Address opcode 
MC2 TiTe2Ts 2nd opcode 2nd 0 1 @) 1 Os 1 1 
Address opcode 1 
MC3s— Titi ef Z 1 1 1 1 15 1 1 
MCs 
MCe TiTe2T3 1st opcode Ist 0 1 0 1 Os 1 1 
Address opcode 0 
MC Ti 7 Z 1 1 1 1 15 1 1 
1 
MCs TilTeTs 2nd opcode 2nd 6) 1 0 1 05 1 1 
Address opcode 1 
MCo9 TiTeaT3 SP Data 0 1 0 1 1 5 1 1 
1 
MC io TileT3 SP+ 1 Data 0 1 0 1 15 1 1 
1 
RLCA MC; TiTe2T3 1st opcode 1st 0 1 0) 1 6) 1 0 
RLA Address opcode 
RRCA 
RRA 
RLC g MC; TiT2T3 1st opcode Ist 0 1 O 1 0 1 0 
RL g Address opcode 
RRC g MC>o —TiTeTs 2nd opcode 2nd 0 1 0 1 0 1 1 
RR g Address opcode ae 
SLA g 5 aR aE a a a 
SRA g MC3 Ti Z 1 1 1 1 1 1 1 
SRL g 
RLC (HL) Mc, TiTe2T3 1st opcode 1st 0 1 0 1 6) 1 0 
RL (HL) Address opcode 
RRC (HL) MC2 —-TiTeTs 2nd opcode 2nd 0 1 0 1 0 1 1 
RR (HL) Address opcode 
SLA (HL) 
SRL (HL) MC4 TI i Z 1 1 1 1 1 1 1 
MCs TiT2T3 HL Data 1 0 0 1 1 1 1 
6 PY ET PPE RICE TERS a TI SECC DE ES SS hE SAE ST SE CFSE NE ES EEE A I SC AE PT TES I SES TE NO NES AIST SSE TR ET LEE 
(continued) 


Note 5 The upper and lower data show the state of LIR when LIRE = 1 and LIRE = O respectively 
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Machine 
instruction Cycle States Address Data RD WR ME i0E UR HALT ST 
RLC (X + d) MC, TiT2T3 1st opcode 1st 0 1 0) 1 0 1 0 
RLC (IY + d) Address opcode 
RL (IX + d) MC. TiTeTs 2nd opcode 2nd 0 1 0 1 0 1 1 
RL (ly + d) Address opcode 
RRC (IX + d) 
RRC (Y + d) MCs TiTeTs 1st operand d OQ 1 0 1 1 1 1 
RR (ix + d) pomess 
RR (IY + d) MC, TiT2Ts3 3rd opcode 3rd ‘@] 1 0 1 @] 1 1 
SLA (IX + d) Address opcode 
SLA (IY + d) MCs 9 -TiToT IX+d Data 0 1 0 1 1 1 1 
SRA (IX + d) 'Y+d 
SRA (IY + d) : 
SRL (IY + d) MC; TiTeTs IX+d Data 1 Q 0 1 1 1 1 
Y+d 
RLD MC, T1TeT3 1st opcode 1st 0] 1 0) 1 0) 1 0 
RRD Address opcode 
MC2 TiTe2T3 2nd opcode 2nd ‘¢] 1 O 1 0 1 1 
Address opcode 
MC3 TiTeTs3 HL Data 0 1 0 1 1 1 1 
MC4— = TiTiTiTh Zz 1 1 1 1 1 1 
MC; 
MCs TiTeTs HL Data 1 0 .@) 1 1 1 1 
RST v MC, TiT2T3 ist opcode ist @) 1 0 1 8) 1 0 
Address opcode 
MC2—_ TiTi : Zz 1 1 1 1 1 1 1 
MC; 
MC, TiTeT3 SP— 1 PCH 1 0 1 1 1 1 
MCs T1T2T3 SP-—2 PCL 1 1 1 1 
SCF MC, TiTeT3 ist opcode 1st 10) 1 0 1 10) 1 0 
Address opcode 
SET bg MC, TiTeTs 1st opcode 1st @) 1 0) 1 0 1 @) 
RES bg Address opcode 
2nd opcode 2nd 
MC2 TiTe2T3 Address opcode OQ 1 0 1 0 1 1 
MC3 Ti - Zz 1 1 1 1 1 
SET b, (HL) MC, TiTeT3 1st opcode 1st 0 1 0 1 0] 1 0 
RES b, (HL) Address opcode 
MC>2 TiT2T3 2nd opcode 2nd OQ 1 0 1 0 1 1 
Address opcode 
MC3 TiTeT3 HL. Data 0 1 @] 1 1 1 1 
ee a ee a ee re i ee 
MC, Ti : Zz 1 1 1 1 1 1 1 
MCs TiTaT3 HL Data 1 0 0 1 1 1 1 
(continued) 
@ HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 (415) 589-8300 775 





HD641180X, HD643180X, HD647180X 

















Machine 
Instruction Cycle States Address Data RD WR ME I0E LR MHALT ST 
SET b, (IX+qd) MC, TiloT3 1st opcode 1st 6) 1 0 1 0 1 0 
SET b, (IY+d) Address opcode 
RES BOXTG - Mes.  TiTeT's 2nd opcode 2nd oO 1 o 1 o 1 1 
RES b, (IY +d) Address opcode 
MC3 TiToT3 1st operand d 1) 1 O 1 1 1 1 
Address 
MC, TilToT3 3rd opcode 3rd 0 1 0 1 O 1 1 
Address opcode 
MCs T1iTe2T3 X+d Data 6) 1 O 1 1 1 1 
Y+d 
MCe Ti i Z 1 1 1 1 1 1 1 
MC T1T2T3 IX+d Data 1 0 0 1 1 1 1 
Y+d 
SLP** MC; T1TeTs Ist opcode Ist O 1 O 1 0) 1 6) 
Address opcode 
MC2 TiTe2T3 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
_ _ FFFFFH Z 1 1 1 1 1 6) 1 
TSTIO m** MC, TiT2T3 1st opcode Ist 0) 1 O 1 0) 1 0) 
Address opcode 
MC 2 TiT2T3 2nd opcode 2nd 0 1 O 1 0 1 1 
Address opcode 
MC3 TiToTs3 1st operand m 0 1 0 1 1 1 1 
Address 
MC 4 TiT2T3 C to Ao—Az Data O 1 1 6) 1 1 1 
OOH to As—Ai1s 
TST g” MC; TiTe2T3 Ist opcode 1st 6) 1 0 1 0 1 0 
Address opcode 
MC2 TiT2T3 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 Ti 3 Z 1 1 1 1 1 1 1 
a a ea ce ee eS 
TST m* MC, TiTeT3 1st opcode Ist 0 1 0) 1 0 1 0 
Address opcode 
MC: TiTeT3 2nd opcode 2nd 0 1 0 1 0 1 1 
Address opcode 
MC3 TiloTs3 1st operand m 0 1 0 1 1 1 1 
Address 
Snag a re a 
TST (HL)** MC; TiToT3 1st opcode 1st 6) 1 0 1 0 1 0 
Address opcode 
he a od ee oe te 
MC2 TiTe2T3 2nd opcode 2nd (@) 1 0 1 8) 1 1 
Address opcode 
a aa gn 0 eet ce te ee 02 ee 
MC3 Ti ‘ Z 1 1 1 1 1 1 1 
LTE TRL TS RETEST ef Pn TU sD mn nr pn hey pwferrerenenstasvey Pathe rr torupee inp 
MC 4 T1T2T3 HL Data 0) 1 0 1 1 1 1 
(continued) 
© HITACHI 


776 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HD641180X, HD643180X, HD647180X 


















































INTERRUPT 
Machine 
Instruction Cycle States Address Data RD WR ME i0E LOR HALT ST 
NMI MC, TiT2Ts Next opcode Z 0 1 0 1 0 1 0 
Address (PC) 
MCo— = Titi ° Z 1 1 1 1 1 1 1 
MC3 
MC, TiTeTs3 SP— 1 PCH 1 0 0 1 1 1 1 
MCs; TiTeTs SP—2 PCL 1 0 Oo 1 1 1 
INTo Mode O MC, TiToTw Next opcode 1st 1 0 ¢) 1 @) 
(RST Inserted) TwT3 Address (PC) opcode 
MCo— TiTi a Zz 1 1 1 1 1 1 1 
MCs 
MC 4 TiTe2Ts SP-—1 PCH 1 ¢) 0 1 1 1 1 
MC; TiTe2Ts SP— 2 PCL 1 .@) 0 1 1 1 1 
INTo Mode 0 MC, TiToTw Next opcode 1st 1 1 1 ) ) 1 0 
(CALL Twt3 Address (PC) opcode 
inserted) MC2 TiTeT3 PC n 0 1 0 1 1 1 1 
MC3 TiTe2Ts PC+ 1 m 0 1 .@] 1 1 1 1 
MC, Ti : Z 1 1 1 1 1 1 1 
MCs TiTeT3 SP— 1 PC+ 2(H) 1 0 0 1 1 1 1 
MCe TiToTs SP-—2 PC+ 2(L) 1 0 0 1 1 1 1 
INT o Mode 1 MC, TiT2Tw Next opcode Zz 1 1 1 O 0 1 0 
TwTs Address (PC) 
MC2 TiT0T3 SP—1 PCH 1 1 1 1 1 
MC3 TiT2Ts SP—2 PCL 1 0 1 1 1 
INTo Mode 2 MC, TiT2Tw Next opcode Vector 1 1 1 6) 0 1 .@) 
TwT3 Address (PC) 
MC>. Ti ‘“ Zz 1 1 1 1 1 1 1 
MC3 TiT2Ts3 SP— 1 PCH 1 6) 0 1 1 1 1 
MC, TiToTs3 SP-—2 PCL 1 @) 8) 1 1 1 1 
MCs TiTeoTs |, Vector Data 0 1 0 1 1 1 1 
MCe TiTeTs 1, Vector+ 1 Data 0 1 0 1 1 1 1 
INT; MC, TiT2Tw Next opcode Z 1 1 1 1 1 1 0 
INT 2 Twt3 Address (PC) 
Internal MC, Ti . Z 1 1 1 1 1 1 1 
interrupts 
MC3 TiTeTs SP— 1 PCH 1 @) 0 1 1 1 1 
MC, TiTeTs SP—-2 PCL 1 0 O 1 1 1 1 
MC 5 TiToT3 |, Vector Data 0 1 O 1 1 1 1 
MC. TiTeTs 1, Vector+ 1 Data 0 1 @) 1 1 1 1 
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Normal Operation Interrupt 
(CPU mode) Acknowledge Bus Release System Stop 
Request (I/O Stop mode) Wait State Refresh Cycle Cycle DMA Cycle Mode Sleep mode Mode 
WAIT Accepted Accepted Not accepted Accepted Accepted Not accepted Not accepted Not accepted 
Refresh Request Refresh cycle Not accepted Not accepted Refresh cycle Refresh cycle Not accepted Not accepted Not accepted 
(Request of begins at begins at begins at 
Refresh by the on-chip the end of MC the end of the end of 
Refresh Controller) MC MC 
DREQo DMA cycle DMA cycle Accepted Accepted Accepted Accepted Not accepted Not accepted 
DREQ : begins at the begins at the If refresh DMA cycle Refer to *, After bus 
end of MC end of MC cycle precedes _ begins at the Section 10 frelease 
DMA cycie end of MC “DMA cycle, DMA 
begins at the Controller” cycle begins 
end of one for details at the end of 
MC one MC 
BUSREQ Bus is released Not accepted Not accepted Bus ts released Bus is released Continue bus Accepted Accepted 
at the end of at the end of at the end of release 
MC MC MC mode. 
Interrupt. INTo, INT:, Accepted after Accepted after Not accepted Not accepted Not accepted Not accepted § Accepted Accepted 
INT 2 executing the executing the Return from Retum from 
current current sleep mode system stop 
instruction. instruction to normal mode to normal 
operation operation 
Internal Accepted after Accepted after Not accepted Not accepted Not accepted Not accepted Accepted Not accepted 
VO executing the executing the Return from 
Interrupt current current sleep mode 
instruction instruction to normal 
operation 
NMI Accepted after Accepted after Not accepted Not accepted § Accepted Not accepted § Accepted Acceptable 
executing the executing the Interrupt DMA cycle Return from Return from 
current current acknowledge stops sleep mode system stop 
instruction. instruction cycle precedes to normal mode to normal 
NMI is accepted operation operation. 
after executing 
the next in- 
struction 
Notes *. not acceptable when DMA Request is in level sense 


MC: Machine Cycle 





aourjdesoy Jsenbay Sz a/qe] 


spow Buneisdo yoreg ul adue}dao0y ysanbey 


SS0GOW DONILVasadO 


XO8TZL79CH ‘XO8TEV9CH “XO8TIP9dH 


HD641180X, HD643180X, HD647180X 
Request Priority 


The HD643180X/HD647180X has the following three types of requests. 


Type 1: To be accepted in specified state ............. cee cee eee ees WAIT 

Type 2: To be accepted in each machine cycle ..................... Refresh Req. 
DMA Reg. 
Bus Rea. 

Type 3: To be accepted in each instruction ............ 0.0.0 e eee Interrupt Req. 


Type 1, type 2, and type 3 request priority is as follows: 

Highest priority Type 1 > Type 2 > Type 3 Lowest priority 

Type 2 request priority is as follows: 

Highest priority Bus Req. > Refresh Req. > DMA Reg. Lowest priority 


Note : If Bus Req. and Refresh Req. occurs simultaneously, Bus Req. is accepted. 


Refer to ‘‘Section 8, Interrupts’ for type 3 request priority. 


Type 4: To be accepted in last machine cycle 


Highest priority Bus Req. from Bus masters > Interrupt Req. 
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Operation Mode Transition 









Normal 
(Note1) 







O = 13$3uY 


‘diSOl 


L = dlSOl 


0 


Normal 
(Note 1) 








Release Refresh 


Figure 19. Operation Mode Transitions 
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HD641180X, HD643180X, HD647180X 


Notes: 1 Normal. CPU executes instructions normally in normal mode. 
2. DMA request: DMA Its requested in the following cases. 


(1) DREQo, DREQ: = O (memory to/from (memory-mapped) I/O DMA transfer) 


(2) DEO = 1 (memory to/from memory DMA transfer) 
3. DMA end: DMA ends in the following cases. 


(1) DREQo, DREQ: = 1 (memory to/from (memory-mapped) I/O DMA transfer) 


(2) BCRO, BCR1 = OOOOH (all DMA transfers) 
(3) NMI = O (all DMA transfers) 


The following operation mode transitions are also possible 
Halt =~. _ [DMA 
Refresh 
Bus Release 


1/O Stop : DMA 
Refresh 
Bus Release 


ee od 


Sleep ae aEaae Bus Release 


System Stop =” Bus Release 


~~ 
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HD641180X, HD643180X, HD647180X 


Status Signals 
Table 26. shows pin outputs in each operating mode. 

















Table 26 Pin Outputs 
oes fee ae Address Data 
Mode LIR ME I0E D WR REF HALT BUSACK ST Bus Bus 
CPU Opcode Fetch 0 0 1 0 1 1 1 1 0 A In 
operation (1st opcode) 
Opcode Fetch 0 0 1 0 1 1 1 1 1 A In 
(except 1st 
opcode) 
Memory Read 1 0 1 0 1 1 1 1 1 A In 
Memory Write 1 0 1 1 0 1 1 1 1 A Out 
I/O Read 1 1 0 0 1 1 1 1 1 A In 
1/O Write 1 1 0 1 0 1 1 1 1 A Out 
Internal 1 1 1 1 1 1 1 1 1 A In 
Operation 
Refresh 1 0 1 1 1 0 1 1 ig A In 
Interrupt NMI 0 0 1 0 1 1 1 1 0 A In 
Acknow- "INTo o 1 oO 1 1 1 1 1 0 A In 
ledge Cycle ————— 
(1st INT1, INT2 & 1 1 1 1 1 1 1 1 0 A In 
machine Internal Interrupts 
cycle) 
Bus Release 1 Z Z Z Z 1 1 0 . Z In 
Halt 0 0 1 0 1 1 0 1 0 A In 
Sleep 1 1 1 1 1 1 0 1 1 1 In 
Internal Memory Read 1 0 1 0 1 1 * 1 0 A IN 
DMA Memory Write 1 0 1 1 0 1 * 1 0 A Out 
1/O Read 1 1 0 0 1 1 * 1 0 A In 
1/O Write 1 1 0 1 0 1 * 1 0 A Out 
Reset 1 1 1 1 1 1 1 1 1 Z In 
Note 1: High 
0: Low 
A : Programmable 
Z: High Impedance 
In: Input 
Out : Output 
x : Invalid 
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HD641180X, HD643180X, HD647180X 
@ INTERNAL I/O REGISTERS 


By programming IOA7 in the I/O control register, internal I/O register addresses are 
relocatable within ranges from 0000H to OOFFH in the I/O address space. 


eee 


ASCI Control Register A Channel 0 
(CNTLAO) 


<1 ee Saran 


erreur 
To | owass| 0 | 0 
rata bar tar fee te ta 




















bit 









During reset | O | 
R/W 








Mode Selection 
Multi Processor Bit Receive/ 
Error Flag Reset 

Request To Send 

Transmit Enable 

Receive Enable 
Multi Processor Enable 




















ASCI Control Register A Channel 1 
(CNTLA1) 










During reset 


Mode Selection 
Multi Processor Bit Receive/ 
Error Flag Reset 

CKA1 Disable 

Transmit Enable 

Receive Enable 

Mult: Processor Enable 

















= 
oO 
Oo 
nN 


-==--=30000!; 





Start + 7 bit Data + 1 Stop 
Start + 7 bit Data + 2 Stop 
Start + 7 bit Data + Panty + 1 Stop 
Start + 7 bit Data + Panty + 2 Stop 
Start + 8 bit Data + 1 Stop 
Start + 8 bit Data + 2 Stop 
Start + 8 bit Data + Panty + 1 Stop 
Start + 8 bit Data + Parity + 2 Stop 





-0o-0-0-00 








ASC! Control Register B Channel O 
(CNTLBO) 













Teese 
a 


Clock Source and 
Speed Select 
Divide Ratio 

Panty Even or Odd 

Clear To Send/Prescale 

Multi Processor 
Mult: Processor Bit Transmit 


During reset 
R/W 





















“CTS Depends on the condition of CTS Pin 
PS Cleared to O 





(continued) 
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ASCI Control Register B Channel 1 
(CNTLB1) 


$S2,1,0 


ASCI Status Register Channel 0 
(STATO) 


ASCI Status Register Channel 1 bit 
(STAT 1) During reset 


R/W 
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PS = 0 
(divide a = 10) 


Parity Even or Odd 
Clear To Send/Prescale 
Multi Processor 
Multi Processor Bit Transmit 


PS = 1 


pe 
1920 
3840 
7680 

+ 15360 
+ 30720 


Over Run Error 


Receive Data Register Full 
* BCDo : Depends on the condition of BCDo Pin. 


Over Run Error 
Receive Data Register Full 


(divide — = 30) 


eee eT 


Register Empty 
Data Carer Detect 
Receive Interrupt Enable 








HD641180X, HD643180X, HD647180X 


ASCI Transmit Data Register Channel 
0 





(TDRO) 


ASCI Transmit Data Register Channel 
1 
(TDR1) 


ASCI Receive Data Register Channel 
fe) 
(TSRO) 


ASCI Receive Data Register Channel 
1 
(TSR1) 


CSI/O Control Register bit 


(CNTR) 
During reset 


Transmit Enable 
Receive Enable 
End Interrupt Enable 


Baud Rate 


(frequency < + 20) 


CSVO Transmit/Receive Data 
Register 
(TRDR) 


Timer Data Register Channel OL 
(TMDROL) 


Timer Data Register Channel OH 
(TMDROH) 


Timer Reload Register Channel OL 
(RLDROL) 





Timer Reload Register Channel OH 
(RLDROH) 


Timer Control Register bit 
(TCR) 


During reset 


Count Enable 1,0 
Timer Output Control! 1,0 
Timer Interrupt Enable 1,0 
Timer Interrupt Flag 1,0 


opine) 
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Timer Data Register Channel 1L 
(TMDR1L) 


Timer Data Register Channel 1H 
(TMDR1H) 


Timer Reload Register Channel 1L 
(RLDR1L) 


Timer Reload Register Channel 1H 
(RLDR1H) 


Free Running Counter 
(FRC) 


DMA Source Address Register 
Channel OL 
(SAROL) 


DMA Source Address Register 
Channel! OH 
(SAROH) 


DMA Source Address Register 
Channel OB 
(SAROB) 


DMA Destination Address Register 
Channel OL 
(DAROL) 


DMA Destination Address Register 
Channel OH 
(DAROH) 


DMA Destination Address Register 
Channel OB 
(DAROB) 


DMA Byte Count Register Channel 
OL 


(BCROL) 


DMA Byte Count Register Channel 
OH 
(BCROH) 


DMA Memory Address Register 
Channel 1L 
(MAR1L) 


(MAR 1H) 


DMA Memory Address Register 
Channel 1B 
(MAR1B) 


DMA I/O Address Register Channel 
IL 
(IAR1L) 


DMA V/O Address Register Channel 
1H 
(AR 1H) 
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Read only 


Bits O-3 are used for SAROB. 
Ais. Ars, Ariz, Aré6 DMA Transfer Request 


DREQo (external) 
RDRO (ASCIO) 
ROR1 (ASCI1) 
Not Used 


Bits 0-3 are used for DAROB. 
Ais, Aisa, Arz, Are DMA Transfer Request 


DREQo (external) 
TDRO (ASCIO) 
TDR1 (ASCI1) 
Not Used 


Bits O-3 are used for MAR1B. 
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2E 





[ras | re 


DMA Byte Count Register Channel 
1L 













(BCR1L) 


DMA Byte Count Register Channel 
1H 





(BCR1H) 






DMA Status Register 





(DSTAT) 
Dunng reset 


DMA Interrupt Enable 1,0 
DMA Enable Bit Write Enable 1,0 
DMA Enable ch 1,0 

















DMA Mode Register 









(DMODE) bit 
During reset 


R/W 




















Mode 
Select 
Ch O Source 

Mode 1,0 


Ch O Destination 
Mode 1, O 









Address Address 





SM1, O | Source 











DARO+ 1 SARO+ 1 
DARO— 1 0 1 SARO-— 1 
DARO fixed 10 SARO fixed 
DARO fixed 11 SARO fixed 





Cycle Steal Mode 
Burst Mode 







(continued) 
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DMA/Wait Control Resiter 
(DCNTL) 


DREGi Select, i = 1,0 
/O Wait Insertion 


Number of Number of 
wait states ; wait states 


Address Increment/Decrement 


MAR1+ 1 IAR1 fixed 
MAR1~— 1 IAR1 fixed 
IAR1 fixed MAR1+ 1 
IAR1 fixed MAR1— 1 


interrupt Vector Low Register 


(IL) 


INT/TRAP Control Register 


Refresh Control Register 


10 States 
20 
40 
80 





(continued) 
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i 
3 8 


MMU Common Base Register bit 
(CBR) 
Dunng reset 












MMU Bank Base Register 


During reset 


MMU Common/Bank Area Register 
(CBAR) 
During reset 


MMU Common 
Area Register 


Operation Mode Control Register ure | oRTE! ioc 
1 1 


(OMCR) During reset Eeaea ee 


/O Compatibility 
LIR Temporary Enable 
LIR Enable 


/O Control Register 
bit 


Dunng reset 
R/W 


/O Address 


Timer 2 Free-Running Counter L 


Bea bt 
RIW RW 


Timer 2 Free-Running Counter H 
bit T2FRCH7 | T2FRCHG | T2FRCHS | T2FRCH4 | T2FRCH3 | TZFRCH2 | T2FRCH1 | T2FRCHO 
(T2FRCH) 


R/W R/W | R/W | RW | RAW 


aoe 
paw [Rw 
eee eee T2OCRIL) bt [oon 
Paw [Rw | Rw 
reece 





RW 


R/W 
R/W 
UE See ae bit T2O0RIHT [T20GRH6 720cRIHG | 20cRIH2 [T20cRIHI 


roc 
aw Lawlawlaw| aw | aw | aw 


IW 
1 
R/W R/W IW | 
1 
R/W | 
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Timer 2 Output Compare Register 2L 

















Bis ebay bit 
RW 














Timer 2 Output Compare Register 2H 













bit 































































T20CR2H , 

uring reset PA ee de ie a 

RW 

Ree eee bit 
Dunngreset | 0 [| o | o | o [ o | o | o | o | 

ew LR eR PRP RP RT RR [RR 

aaa aia bit 
During reset | 0 | O | oO | o | o | o [| o | o | 

Aw [A RR RRR | 

een meee eT 2CSR1) bt 
During reset | o | o | o | o | o | of of o | 

rw {Rk [re | Rk [Rw] Rw [Rw] Rw RW 

eee ne es bit | _icr_| ocei | ocr2 | - jeocz{om2} - | - | 
During reset i AOo fe OF Ol he te Ven: tO gt 0. Or 

rw [eR | eR [| a | - [rw[ rw ew] ew 














Comparator Control/status Register 
(CCSR) 










bit 
During reset 
R/W 








RAM Control Register bit 


During reset 





(RMCR) 
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Port A Disable Register 








(DERA) 












Port A Input Data Register 
(IDRA) 








Port A Output Data Register 
(ODRA) 









Port B Input Data Register 





(IDRB) 










Port B Output Data Register 
(ODRB) 








Port C Input Data Register 
(IDRC) 








Port C Output Data Register 
(ODRC) 








Port D Input Data Register 
(IDRD) 






Port D Output Data Register 
(ODRD) 






Port E Input Data Regtster 
(IDRE) 






Port E Output Data Register 
(ODRE) 













Port F input Data Register 
(IDRF) 






Port F Output Data Register 
(ODRF) 


Note 1. Fetches terminal status 
2. Undefined unti data is wntten 
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5 3 


bit 
During reset 
R/W 


bit 
During reset 
R/W 


bit 
Durning reset 
R/W 


bit 
During reset 
R/W 


bit 
During reset 
R/W 


bit 
During reset 
R/W 


bit 
During reset 
R/W 


bit 
During reset 
R/W 


bit 
During reset 
R/W 


bit 
During reset 
R/W 


bit 
Dunng reset 
R/W 


bit 
During reset 
R/W 


bit 


During reset 


R/W 
















HD641180X, HD643180X, HD647180X 












Fofofofo,tololo}o. 


IDRA7 | IORAG | IDRAS | IoRA4 | ORAS | IDRA2 | IDRA1 | IDRAO 
(Note 1) 


ODRA7 | ODRAG6 | ODRAS | ODRA4 | ODRA3 | ODRA2 | ODRA1 | ODRAO 


(Note 2) 


PayetTeye[e[TayalA 


PatTetTayr[eayalalea. 


[ioR67 ['eAbs [ioAbs | ono [oro | wao2 [was [0A 
Payete[el[eyryala, 


w 


[ione7 [aes [ones | once | ores [one | one | neo 


oone7[onnes [oones [ oonee [oones [cone [ oon [onneo 


Fone? [ ware [roars | onra | mrs [ wara | one | nro 
ee Re ee ee 
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Remarks 






Port G Input Data Register 
















(DRG) et 








on 
ew [> peta patLepeyey 








Fetches terminal status 
































































































Port A Data Direction caer i bit BpeAG 
Dunngreset | © [| 0 | Oo | o | o | Oo} oO | Oo | 

nw 

Port B Data Direction ad ee eis Spnee 
Port C Data Direction Pees bit SORCT' ORGS 
Dunngreset | O | O | oO | Oo | Oo | oO | O | 0 

AW 

Dunngreset | 0 | O | oO | o | o | of Oo [ Oo | 

nw 












Port F Data Direction Register 
(DDRF) 


Lo 
During reset 


R/W 


Ee oa OU 
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HD648180W 


MCU (Micro Controller Unit) 


@ DESCRIPTION 

The HD648180W is an 8-bit CMOS microcontroller in the 
HD64180 family. Its instruction set is upward-compatible 
with the HD64180Z, hence with the Z-80. Twelve instruc- 
tions (seven types) have been added, bringing the total num- 
ber of instructions to 165. 

Compared with the HD64180Z, the HD648180W also has 
more peripheral functions. In addition to a refresh controller 
and wait-state controller for memory access support, and a 
memory management unit (MMU) and DMA controller 
(DMAC) for processing large quantities of data, the 
HD64180W has on-chip RAM, EEPROM, and an A/D con- 
verter. Timer and I/O-port functions have also been en- 
hanced. 

Figure 1 shows the HD64180 family. Table 1 lists the fea- 
tures of the HD64180W. 


HD647180X 


HD641180X 


ROMless of 
HD647180X 


HD64180S 


CPU Multiprotocol serial 


instruction set compatible communications interface 
with the Z80 plus 


HD64180 family 


Figure 1 HD64180 Family 





(FP-80A) 


@ ORDERING INFORMATION 


Speed and Package 
4 MHz 84-pin PLCC 











HD648180W0CP4 


HD648180WOCP6 6 MHz 84-pin PLCC 
HD648180WO0F4 4 MHz 80-pin QFP 
HD648180WOF6 6 MHz 80-pin QFP 
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HD648180W 





Table 1 HD648180W Features 


ltem Description 


CPU . 


MMU . 
Memory . 
Timers . 


(4 channels) 


Serial communi- « 
cation interface 
(2 channels) 


DMA controller - 
(2 channels) 


A/D converters 
(8-bit resolution) 


I/O ports . 
Wait-state ° 
controller 
Refresh . 
controller 


Instruction set upward-compatible with HD64180Z 
Maximum operating speed: 6.144 MHz 
1-Mbyte physical address space 


256-byte EEPROM on-chip 

— Byte or page write 

1-kbyte static RAM on-chip 

—Provides work area, stack area for interrupts, etc. 


16-bit free-running timer (1 channel) on-chip 
—Input capture function for measuring input pulse width 
—-Output compare function for generating waveforms 


16-bit reload timers (3 channels) on-chip 
— Toggle function for square-wave output with 50% duty cycle 


Asynchronous or clocked synchronous mode 


« Simultaneous transmit and receive (full duplex communication) 


On-chip baud rate generator 


Directly addresses 1-Mbyte address space (without using MMU) 


« Directly addresses 64-kbyte I/O address space 


Can transfer 64-kbyte data continuously 
Data transfer speed (memory-to-memory): six system clocks/oyte 


Four analog input channels 


¢ Absolute precision: 2.0 LSB 


Conversion time: 17 ps (at 6 MHz) 


30 input/output lines (including 10 with direct LED driving capability: 
lon = 10 mA) 


4 input lines 
1 output line 


Wait states can be inserted by external signal input or by software 


Outputs 8-bit refresh addresses 


¢ Programmable refresh interval 
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HD648180W 


Table 1 HD648180W Features (cont) 


item 


Interrupts 


Special CPU 
modes 


Other features 


Description 


Four external interrupt lines: NMI, INTo, INT,, INT> 
Ten on-chip interrupt sources 

Low-power modes (standby modes) 

Sleep mode 

Halt mode 

Bus-release mode 

On-chip clock oscillator 


Interfaces directly with Z-80 peripheral chips 
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HD648180W 
@ Block Diagram 


Figure 2 is a block diagram of the HD648180W. 


EXTAL 
XTAL 


5 = : 
eawncok |e 3 






Timing 
generator, 
system control 















EEPROM 
(256 bytes) 


AotoAs< MMU 





reload 
timer (TMe2) 






P2o (At6) 
P2; (Ai7) 


P22 (Ais) 
A 





Pty (TXO) 
P14, (RX0) = 
Py (SCKO) 
P13 (TX1) 
P14 (RX1) 
Pt, (SCK1) « 
ee oe 
Pt (TOUT. ) 


A/D converte 


(8-bit x 
P09 4-channel) 
Po ae 
roe ane 
ros EB 
ae pee A Bi 
poe Pota [ET] 
poe Eee 


Figure 2 HD648180W Block Diagram 
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P39 (TEND, /TOUTS ) 
P3(OBEG } : 


P32 TOUT, ) 
P33 ( 1/TINY ) 
P34 (INTo) 

P35 (INT 


Pas (INT /ADT) 


P43 (AN3) 
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HD648180W 


@ Pin Descriptions 


e Pin Arrangement 


Figure 3 shows the pin arrangement of the HD648180W in the FP-80A package. Figure 4 shows 
the pin arrangement in the CP-84 package. 


] P3¢/STBY 
1 P3s/INTo 


) P45/AN, 
I P4s/AN> 
1 P37/INT1/ADT 


P1o/TXy 
Ptg/RX4 


P33/DREQ,/TIN, 
P30/TEND,/TOUT4 
P31/DREQo 
P30/TENDo/TOUT3 


Vss 





BUSREQ C— 
P2,./BUSACK C— 


P24/ 





Figure 3 Pin Arrangement (FP-80A) 
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HD648180W 





/STBY 


J P37/INT; /ADT 


ee P45/AN5 
L—] P45/AN> 
—_] P4,/AN, 
-—] P4o/ANo 
| P36 


P1,/1X, 

P1,/RX, 

P+/SCK, 
P¢/TOUT, 
PL/TOUTs 
P33/DREQ1/TIN, 
P30/TEND4/TOUT4 
P3,/DREQo 
P39/TENDo/TOUT3 


—~ => O ON DMN AWD — &C 


_— © 


rT ET eh Oe 


P2,/A17 CO 
P2.5/A 1g CO 
P2,/A 19 CJ 


P2,/BUSREQ Co 
P2./BUSACK C— 


Do not connect anything to NC. 





Figure 4 Pin Arrangement (CP-84) 
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HD648180W 


e Pin Functions 


Table 2 Pin Functions 





Pin Number 

Type Signal FP-80A PC-84 VO Name and Pin Function 

Power supply Vcc 14,56 26,70 Input Power Supply: Connect all Vcc pins to 

GND system power supply (+5 V). 

Vss 10,31, 21, 44 Input Ground: Connect all Vss pins to system 
59 73 power supply (0 V). 

XTAL XTAL 57 71 Input Connect to crystal oscillator with twice 

clock system clock (6) frequency. 
When inputting external clock at EXTAL, 
leave XTAL open. 

EXTAL 58 72 Input Connect to crystal oscillator or external 
clock. External clock frequency should 
be 2 times system clock. 

CL, 
EXTAL [LT LL external clock EXTAL a 
input 
[] 
XTAL Open XTAL pe 
CLo 
Oscillator circuit examples 

d 61 75 Output System Clock: Supplies system clock to 
peripheral devices. 

Reset RESET 60 74 Input Reset: Chip is reset when this pin is 
dropped low. 
Address bus AptoAj;g 1to9, 1 to Output Address Bus: For memory access. 


70 to 80 20, 84 (Tri-state) These lines go to high impedance only in 
the following cases. 


a. During reset 


b. When bus control is granted to 
another device (when BUSACK 
drops low because of low input at 
BUSREQ). 
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HD648180W 


Table 2 Pin Functions (cont) 


Pin Number 
Type Signal FP-80A PC-84 VO Name and Pin Function 
Data bus DotoD;, 15to 27to Input/ Data Bus: 8-bit, bidirectional data bus 
22 34 Output 
Memory I/O RD 68 82 Output Read: Indicates chip is in read cycle. 
interface (Tri-state) At this time, data bus is in input mode. 
signal WR 67 81 Output Write: Indicates chip is in write cycle. 
(Tri-state) At this time, data bus is in output mode. 
ME 65 79 Output Memory Enable: Indicates memory 


(Tri-state) read/write is being performed. Goes low 
in the following cases: 


a. Instruction fetch and operand read 


b. Data read/write by memory reference 
instruction 


c. Memory access during DMA cycle 
d. Refresh cycle 


IOE 64 78 Output VO Enable: Indicates I/O read/write is 
(Tri-state) being performed. Goes low in the 
following cases: 


a. Data read/write by I/O instruction 
execution 


b. 1/O access during DMA cycle 


c. INTp acknowledge cycle 


= 
> 
— 
Go 
nh 
a 


Input Wait: Used to extend memory and I/O 
read/write cycles. If low at the falling 
clock edge in a T> or Ty state, a Tw 
state is inserted next. 


System BUSREQ 11 23 Input Bus Request: Used by another device 

control to issue a bus request. When this pin 

signals goes low, CPU terminates instruction 
execution and sets address bus, data 
bus, and some memory interface signals 
(RD, WR, ME, IOE) to high impedance. 
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Table 2 Pin Functions (cont) 


Pin Number 
Type Signal FP-80A PC-84 VO Name and Pin Function 
System BUSACK 12 24 Output Bus Acknowledge: Indicates receipt of 
control BUSREQ signal by CPU and release of 
signals bus. Notifies device that output 
BUSREQ signal that bus is under its 
control. 
HALT 63 77 Output HALT: Goes low when CPU executes 
HALT or SLP instruction to indicate that 
CPU is in halt or sleep mode. Used 
together with ST and LIR signals 
(described below) to indicate operational 
status of internal DMA and CPU mode. 
LIR 66 80 Output —_ Load Instruction Register: Indicates 
ongoing cycle is op code fetch cycle. 
ST 62 76 Output Status: Indicates operational status. Do 
not connect pull-down resistance to this 
pin. 


ST HALT LIR Operation Mode 
0 


Oo 1 CPU operation 
(1st op-code fetch 
cycle) 

1 #1 QO CPU operation 


(2nd, 3rd op-code 
fetch cycle) 


1 1 1 CPU operation 
(machine cycles 
other than op- 
code fetch cycles) 


Undefined 1 DMA 
0 0 Halt mode 
1 O 1 Sleep mode 
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Table 2 Pin Functions (cont) 


Pin Number 
Type Signal FP-80A PC-84 VO 
System REF 69 83 Output 
control 
signals 
Interrupt NMI 44 57 Input 
signals 
INTo 45 58 Input 
INT, 48 61 Input 
INT» 46 59 Input 
DMA signals DREQ) 33 46 Input 
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Name and Pin Function 


Refresh: Low level indicates CPU is in 
DRAM refresh cycle. Refresh address is 
output on lower 8 bits of address bus 

(Ay through A>). Refresh cycle interval 
can be programmed to 10, 20, 40, or 80 
states. 


Non-Maskable Interrupt: Non-maskable 
interrupt request pin. 


Interrupt 0: Maskable interrupt level 0 
request pin. Level 0 has 3 modes. 


Mode Meaning 


0 Execute instruction on data 
bus 

1 Execute instructions starting 
from address 0038H 

2 Vectored 


Interrupt 1,2: Maskable interrupt Level 1 
and 2 request pins. Vectored. 


DMA Request for Channel 0: Asks 
internal DMAC to perform transfer on 
channel 0. Enables internal DMAC to 
synchronize with external I/O device. 
Internal DMAC channel 0 supports the 
following transfers. 


a. Memory <* Memory 
b. Memory I/O 
c. Memory < Memory-mapped I/O 
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Table 2 Pin Functions (cont) 


Type 


DMA signals 


Serial 


communi- 


cations 





SCK, 


Pin Number 
FP-80A PC-84 
32 45 
35 48 
34 47 
43 56 
42 55 
41 54 
40 53 
39 52 
38 51 
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/O Name and Pin Function 

Output Transfer End for Channel 0: Internal 
DMAC channel 0 transfer end signal. 
This signal goes low at write cycle of final 
data transfer. 

Input DMA Request for Channel 1: Asks 
internal DMAC to perform transfer on 
channel 1. Channel 1 supports 
Memory « I/O transfers only. 

Output Transfer End for Channel 1: Internal 
DMAC channel! 1 transfer end signal. 
This signal goes low at write cycle of final 
data transfer. 

Output Transmit Data for SCI Channel 0: SCI 
channel 0 transmit data pin. 

Input Receive Data for SCI Channel 0: SCI 
channel 0 receive data pin. 

Input/ Serial Clock for SCI Channel 0: SCI 

Output channel 0 clock input/output pin. 

Output Transmit Data for SCI Channel 1: SCI 
channel 1 transmit data pin. 

Input Receive Data for SCI Channel 1: SCI 
channel 1 receive data pin. 

Input/ Serial Clock for SCI Channel 1: SCI 

Output channel 1 clock input/output pin. 
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Table 2 Pin Functions (cont) 


Pin Number 
Type Signal FP-80A PC-84 VO Name and Pin Function 


Timers TIN, 35 48 Input Timer Input for Channel 1: Input signal 
pin for timer 1 input capture. Signal 
transitions at this pin transfer free- 
running counter value to input capture 
register. 


TOUT, 37 50 Output Timer Output for Channel 1: Timer 1 
waveform output pin. When output 
compare register and free-running 
counter match, value of OLVL bit of timer 
control/status register 1 is output from 
this pin. 


TOUT, 36 49 Output Timer Output for Channel 2: Timer 2 
waveform output pin. When timer 2 time 
constant register and timer 2 up-counter 
match, value selected by bit 2 and bit 3 
of timer control/status register 2 is output 
from this pin. 


TOUT; 32 45 Output Timer Output for Channel 3: Timer 3 
waveform output pin. When timer 3 time 
constant register and timer 3 up-counter 
match, value selected by bit 2 and bit 3 
of timer control/status register 2 is output 
from this pin. 


TOUT, 34 47 Output = Timer Output for Channel 4: Timer 4 
waveform output pin. When timer 4 time 
constant register and timer 4 up-counter 
match, value selected by bit 2 and bit 3 
of timer control/status register 4 is output 
from this pin. 


@ HITACHI 
804 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HD648180W 





Table 2 Pin Functions (cont) 
Pin Number 
Type Signal FP-80A PC-84 1/0 Name and Pin Function 
A/D AVss 55 69 Input Analog Ground: A/D converter power 
converter supply (ground) 

Mec 50 63 Input Analog Power Supply: A/D converter 
power supply (+5 V). Connect to system 
power supply (Vcc). 

ANy to ANs, 51to 65 to Input Analog Input: A/D converter input signal 

54 68 pins 
ADT 48 61 Input A/D Trigger: External trigger input pin to 
start A/D converter 
EEPROM Vpp 49 62 Output Test pin. Do not connect. 
Parallel /O POjtoP0, 23to 35to Input/ Port 0: 8-bit parallel /O port. Switched 
30 42 Output between input and output by data 
direction register 0 (DDRO). 

PiptoP1, 36to  49to ~ Input/ Port 1: 8-bit parallel 1/O port. Switched 

43 56 Output between input and output by data 
direction register 1 (DDR1). 

P2,toP2, 6to9 17to Input/ Port 2: 7-bit parallel 1/O port. Switched 

11,12, 20 Output between input and output by data 
69 23, 24, direction register 2 (DDR2). 
83 P26 is output only. 
P39 toP3, 32to  45to Input/ Port 3: 8-bit parallel /O port. Switched 
35 48 Output between input and output by data 
45to 58to direction register 3 (DDR3). 
48 61 
P4)toP4, 51to 65to Input Port 4: 4-bit input-only port. 
54 68 
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M@ Basic CPU Architecture 


The HD648180W has an advanced, high-speed, eight-bit CPU. Its instruction set is 


upward-compatible with the HD64180Z. 


e Features 


The HD648180W CPU has the following features. 


806 


CPU architecture based on the Z-80 
Expanded instruction set with instructions for: 


— Input from on-chip I/O 

— Output to on-chip I/O 

— Block transfer between memory and on-chip I/O 
— §8-bit x 8-bit multiplication 

— AND operations on on-chip I/O 

— AND operations on accumulator A 

— Transition to sleep mode 


Eight addressing modes 


— Implied 

— Register direct 
— Register indirect 
— Indexed 

— Extended 

— Immediate 

— Relative 

— ]/O 


Maximum operating speed: 6.144 MHz 
Special CPU operating modes 


— Low-power modes (standby modes) 
Software standby mode 
Hardware standby mode 

— Sleep mode 

— Halt mode 

— Bus-release mode 
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e Address Space 
The HD648180W CPU has a 64-kbyte logical address space and 64-kbyte I/O address space. 


The 64-kbyte logical address space is mapped into a 1-Mbyte physical address space by the memory 
management unit (MMU). For details, see Memory Management Unit (MMU). 


The 64-kbyte I/O address space is assigned to on-chip and off-chip I/O. For details, see On-Chip I/O 
Address Space Map. 


e Register Configuration 


The CPU includes two general register sets (GR and GR’), and a single special-purpose register 
set. Register sets GR and GR’ each include an accumulator, a flag register, and six general- 
purpose registers. The special-purpose register set consists of an interrupt vector register, an R 
counter, two 16-bit index registers, a stack pointer, and a program counter. 


Register set GR Special-purpose registers 


Accumulator] Flag register Interrupt 
2 F vector R counter 


} E register General-purpose Index register Ix 
register set Index register lY 
Stack pointer SP 


D register 


H register 


Program counter PC 


Register set GR’ 


Accumulator} Flag register 
A’ F’ 
D’ register General-purpose 
register set 


Figure 5 CPU Register Configuration 





@ HITACHI 
Hitachi America, Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 807 


seam enn in SS 


HD648180W 


e Register Descriptions 


The following table describes the function of each register. Unless otherwise specified, register 
content is undefined following a reset. 


Register Name Symbol Function 


Accumulators A, A Accumulators are registers in which 8-bit arithmetic 
operations, logical operations, and shifts are performed. 
Accumulator A’ is used in place of accumulator A following 
execution of the instruction EX AF, AF’. 


Flag registers ee Flag registers store the status of operations. Flag register F’ 
is used in place of flag register F following execution of the 
instruction EX AF, AF’. 


General-purpose B,C The registers in register set GR can be used as 8-bit 
registers D,E registers (B, C, D, E, H, L) or 16-bit registers (BC, DE, HL). 
H,L They can be used to execute operations or store 
addresses. 
B’, C’ The registers in register set GR’ supplement the GR 
D’, E’ registers. The two register sets can be swapped using the 
Ak EXX instruction. 
Interrupt vector | This 8-bit register stores the upper 8 bits of the 16-bit vector 
register produced by an interrupt. Vectors are used for INT, mode 2, 


INT,, INT5, and internal interrupts (7 sources). 
A reset initializes this register to OOH. 


R counter R This 8-bit register counts the number of op-code fetch cycles 
performed. The content of this counter is unrelated to the 
refresh address, which is generated by another on-chip 
counter that cannot be accessed by the user. A reset 
initializes this register to OOH. 


Index registers IX, IY These 16-bit registers are used for indexed addressing and 
16-bit operations. In indexed addressing, the base address 
is stored in the index registers. A signed 8-bit displacement 
is added to the base address to generate the operand’s 
effective address. In 16-bit operations that involve the index 
registers, a general-purpose register (except HL), the index 
registers, or the stack pointer can be used for the other 
operand. 


Stack pointer SP This 16-bit register stores the top address of the stack area. 
A reset initializes this register to OOH. 


Program counter PC This 16-bit register stores the logical address of the next 
instruction to be executed. This register is normally 
incremented by 1 each time a 1-byte instruction code is 
accessed, but execution of a jump instruction causes the 
address of the jump destination to replace the current content 
of the program counter. A reset initializes this register to 
OOOOH. 
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¢ Flag Register 
The flag register (F) contains individual flags that are set and reset to represent the status of the 


result of an 8-bit or 16-bit operation. This register is referenced by extended arithmetic 
instructions and conditional jump instructions. 


7 6 5 4 3 2 1 0 
porter} os fz} - | ek f= tet fic 


Flag Name Symbol Function 

Sign S Bit 7 is set when an operation produces a negative result 
(MSB = 1) and reset by a positive result (MSB = 0). 

Zero Z Bit 6 is set when an instruction execution produces a zero 


result, and reset by any other result. 


Half-carry H Bit 5 is set when an operation results in a carry or borrow from 
the 4th bit. The half-carry flag is reset when neither a carry nor 
borrow is generated. This flag is referenced for adjustment of 
decimal operations (DAA instruction). 


Parity/overflow P/V Bit 2 can be used as either a parity or an overflow flag. 


The parity flag indicates the parity of the data stored in the 
accumulator following execution of a logical operation. An even 
number of 1s in the accumulator value sets the parity flag, while 
an odd number of 1s resets it. 


The overflow flag is set when the result of a signed arithmetic 
operation exceeds the range of +127 through —128 for an 8-bit 
operation, or the range of +32767 through —32768 for a 16-bit 
operation. Results within these ranges reset the overflow flag. 





Negate N Bit 1 is set by execution of a subtraction instruction (examples: 
SUB, DEC, CP) and reset by an addition instruction (examples: 
ADD, INC). 

Carry C Bit 0 is set when an operation results in a carry or borrow from 


the most significant bit. Any other result resets this flag. The 
following lists the various types of carries and borrows. 


¢ Carry produced by an addition result 
¢ Borrow produced by a subtraction result 


¢ Carry produced by a shift or rotate 
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Addressing Modes 


The CPU instruction set has eight addressing modes. 


a 


Implied Addressing (IMP) 


This addressing mode is based on data included within op codes. It is used by instructions 
that manipulate bit positions specified by the accumulator (A), index registers (IX, TY), stack 
pointer (SP), HL general-purpose register, or op codes. 


Register Direct Addressing (REG) 


In this addressing mode, 8-bit and 16-bit registers are specified by op code fields g, g’, ww, 
XX, yy, and zz. The following tables show the relationships between field codes and registers. 


8-Bit Register Specification 


g or g’ Field Specified Register 

000 B 

001 Cc 

010 D 

011 E 

100 H 

101 L 

110 — 

111 A 
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16-bit Register Specification 


ww Field Specified Register xx Fleld Specified Register 
00 BC 00 BC 

01 DE 01 DE 

10 HL 10 IX 

11 SP 11 SP 

yy Field Specified Register zz Field Specified Register 
00 BC 00 BC 

01 DE 01 DE 

10 IY 10 HL 

11 SP 11 AF 


3. Register Indirect Addressing (REGI) 


In this addressing mode, general-purpose registers are used as 16-bit address registers for 
specification of operands in memory. 
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4. Indexed Addressing (INDX) 


In this addressing mode, effective addresses are generated by adding a displacement 
(d: signed 8-bit value) to the index registers (IX, IY). 


Op code 1 


Op code 2 Sign extension 
Displacement (d) 
¢ 


IX or IY Memory 


5. Extended Addressing (EXT) 


With this addressing mode, 2 bytes (m, n) following the op code are used as a 16-bit address 
for direct specification of an operand in memory. 





a 
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6. Immediate Addressing TIMMED) 


With this addressing mode, 1 byte (m) or 2 bytes (m, n) following the op code are used as a 
direct operand. 


Com 16-bit operand 
m 


7. Relative Addressing (REL) 


This addressing mode can be used with branching instructions only. A displacement (j: 
signed 8-bit value) is added to the program counter (PC) to generate a branch address. In the 
case of a conditional branch, the branch is taken only when a condition is satisfied. 


Displacement (j) 












Sign extension 


Program counter (PC) 





@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 813 





HD648180W 


8. 


814 


I/O Addressing 


This addressing mode can be used with I/O instructions only. The specified address is an I/O 
address (IOE = 0). One of the following addresses is output by this addressing mode. 


¢ An address formed by the content of the operand, which is output to Ag through AJ, and 
the content of accumulator A, which is output to Ag through Ajs5. 


¢ An address formed by the content of register C, which is output to Ag through Az, and the 
content of register B, which is output to Ag through Ajs5. 


¢ An address formed by the content of the operand, which is output to Ap through A,, and 
OOH, which is output to Ag through Ajs5. This is convenient for accessing on-chip I/O 
registers. 


¢ An address formed by the content of register C, which is output to Ap through Az, and 
OOH, which is output to Ag through A,5. This is convenient for accessing on-chip I/O 
registers. 
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Instruction Set Overview 

The CPU instruction set for this chip can be broken down as follows. 

¢ Operation instructions 

¢ Load instructions 

e Program control instructions 

e J/O instructions 

e Special control instructions 

These instructions consist of 1 to 4 bytes. Typical examples are shown below. 


7 6 5 4 3 2 1 = 0 


‘oyteinstucion [ot] 9 | | Wag 


LDg,m 


immediate data 


2-byte instruction 


3-byte instruction LD g, (IX + d) 





Displacement 


4-byte instruction LD (IX +d), m 


Displacement 


Immediate data 





See Instruction Set Lists for further details. 
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Conditional Jump and Conditional Call Instruction Precautions 


The following illustrates operation when the conditional jump instruction JP f, mn is executed. 
Note the difference in operation when the condition tests true and when it tests false. 


Example 


When the instruction JP NZ, 6000H is at address SOOOH (MMU sets base register to OOH). 






JPNZ,(C2H) | 


SLP (EDH) _ 
76H 









Condition | Address E 

tests t 

ests true ar | oa 

Condition | Address_X___5000H_—-X__—S001H_—-X__5003H 5004H 
fal | 

tests faise Sais 


Note that when the condition tests false, execution proceeds to the next instruction without 
reading the 2nd operand of JP f, mm. This is also true in the case of the conditional call: 
CALL f, mn. 
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@ Absolute Maximum Ratings 


Item Symbol Rating Unit 


Analog supply voltage AVcc —0.3 to +7.0 v"i 
Input voltage (port 4) Vin1 —0.3 to AVoc + 0.3 V 
Analog input voltage Ain —0.3 to AVcc + 0.3 V 
Total current inflow lot 80 mA*2 
Total current outflow Lloul 30 mA*3 


Notes: 1. AVcoc must equal Vcc. 
2. Total current inflow is the total current sunk simultaneously from all input/output lines via 
output buffers to the HD648180W’s Vs. 
3. Total current outflow is the total current sourced simultaneously from the HD648180W’s 
Voc via output buffers to all input/output pins. 
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@ Electrical Characteristics 


DC Characteristics (Vcc = 5 V +10%, Vgg = 0 V, T, = —20 to +75°C unless 


otherwise noted) 


Item Symbol Test Conditions 











Min 
Voc a 0.6 


2.0 


2.4 
Voc — 1.2 


Input high voltage level_ Ving 
for RESET, EXTAL, NMI, 
STBY 
Input high voltage level Vino 
for other pins 
Input low voltage level Ving 
for RESET, EXTAL, NMI, 
STBY 
Input low voltage level Vito 
for other pins 
Output high voltage level Vo, loy = -200 HA 
for all output pins lo = -20 pA 
Output low voltage level VoL lo. = 2.2 MA 
for all output pins 
Input leakage current for = |y Vin = 0.5 to Veg — 0.5 
all input pins except XTAL 
and EXTAL 
Tri-state leakage current he Vi, = 0.5 to Veg — 0.5 
Current consumption loc f = 4 MHz 
ion)N 
(normal operation)Note f = 6 MHz 
Current consumption locstsy — 
(standby mode)Note 
Pin capacitance Cp Vi,=OV,f=1 MHz 
T, = 25°C 
Note: Signal levels: 
RESET, EXTAL, NMI: Viymin = Voc — 0.6 V, Vip max = 0.6 V 
Other pins: Vipmin = Vec — 1.0 V, Vimax =0.8V 
All output pins are unloaded. 
© HITACHI 
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Typ 


15 
20 
10 


Max 
Voc + 0.3 
Voc + 0.3 


0.6 


0.8 


0.45 
1.0 
1.0 
30 


40 
20 


15 
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mA 
mA 
pA 


pF 
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e DC Characteristics (I/O ports) (V.~=5V + 10%, Vss=0 V, T,=-20 to +75°C unless otherwise 


noted) 


Item Symbol 


Input high PortsOto4 Viuip 
voltage 


Input low PortsOto4 Vip 
voltage 


Output high Ports O0to3 Voip 
voltage 


Output low PortsO0to3 Voip 
voltage PotO BO 


Input leakage ln pl 
current 


Test Conditions Min 
2.0 


—0.3 


lon = —200 pA 2.4 
lon = -20 pA Vec — 1.2 
lo, = 2.2 mA — 
lop = 10 mA — 


Voc — 0.5 


Typ Max 
Voc + 0.3 


0.8 


0.45 
1.0 
1.0 


Unit 


V 


V 


pA 


A/D Conversion Characteristics (AVcc=Vcc, Vss=9 V, Ta=-20 to +75°C unless otherwise 


noted) 
Item Symbol Test Conditions Min Typ Max 
Analog input voltage AVin, AVss — AVoc 
Analog input leakage current |I,) | — — 1.0 
Resolution — 8 — 
Input hold time A/D conversion 1446 — — 
(conversion time) clock = 6/3 = 2.048 MHz 

when 6 = 6.144 MHz 
Number of inputs 0 — 
Absolute precision T, = 25°C, Veg =5.0V — —) 2.0 


Note: AVcc must equal Vcc. 
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V 

LA 
Bit 
Ls 


Channel 
LSB 
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AC Characteristics (Vcc = 5 V +10%, Vsg = 0 V, T, = —20 to +75°C unless 
otherwise noted) 


HD648180W-4 HD648180W-6 


Item Symbol Test Conditions Min Typ Max Min Typ Max Unit 
Clock cycle time eye Figure 6 250 — 333 162 — 333 ns 
Clock high pulse toHw 110 — — 65 — — ns 
duration 

Clock low pulse toLw 110 — —- 65 — — ns 
duration 

Clock fall time tot — —- 15 —- — 15 os 
Clock rise time tor — —- 15 — — 15 ns 
External clock cycle tecyc Figure 18 125 — — 81 — — ons 
time 

External clock high texHw 50 — —- 32 — — ons 
pulse duration 

External clock low tex_w 50 — — 32 — — os 
pulse duration 

External clock rise time te y,*" Figure 18 — — 25 — — 25 ons 
External clock falltime —tey;*? — -— 25 — — 25 ons 
Address delay time tap Figure 6 — — 110 — — 90 ns 
Address setup time tas 50 — —- 30—- — os 


(measured from ME 
or IOE falling edge) 


ME delay time 1 tMeD1 Figure 6, 7, — — 8 — — 60 ns 
RD (when lOC=1) _ tanp; Figure 6 — — 8 — — 60 ns 
nee (when IOC = 0) Figure 8 a 2, B5 oo: eee igs) Ae 
LIR delay time 1 tip; Figure 6 — — 100 — — _ 8:0*2 ns 
Address hold time taH 80 — — 35 —- -— os 


(measured from ME, IOE, 
RD, or WR rising edge) 


ME delay time 2 tweD2 Figure 6, 7 — — 8 — — 60 os 
RD delay time 2 tanpe Figure 6 — — 8 — — 60 os 
LIR delay time 2 tipe — — 100 — — 80*2 ns 





Notes: 1. If external clock pulse duration specifications (texnw, tex,w) are not satisfied, adjust 


tex, and texe 
2. tip: (tip2) = 60 ns when bus timing test load capacitance C = 40 pF. 
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AC Characteristics (Vcc = 5 V +10%, Vgg = 0 V, T, = —20 to +75°C unless 
otherwise noted) (cont) 


HD648180W-4 HD648180W-6 








Item Symbol Test Conditions Min Typ Max Min Typ Max Unit 
Data read setup time tors Figure 6, 7 50 — — 40 — — ns 
Data read hold time torH oO — — Oo --—-— — ons 
ST delay time 1 tstp1 Figure 6 — — 110 — — 90 #ns 
ST delay time 2 tstp2 Figure 10 — — 110 -- — 90 ons 
WAIT setup time tws Figure 6 80 — — 40 — — os 
WAIT hold time twH 70 — =— 40 — — ons 
Write data floating twpz Figure 6 — — 100 — — 95 ns 
delay time 7 
WR delay time 1 twap1 — — 99 — — 65 ns 
Write data delay time twop — — 110 — — 90 ns 
Write data setup time twos 60 — — 40 — — os 
(measured from WR 
falling edge) 
WR delay time 2 twape — — 90 — — 80 ons 
WR pulse duration twrap 280 — — 170 — — ns 
Write data hold time tWoH 60 — —- 40 — — = os 
(measured from WR 
rising edge) 
1OE = (whenlOC =1) tion; Figure 6 — — 8 — — 60 ons 
delay when IOC = 0) Figure 8 a, eee OG ee SS 
time 1 
IOE delay time 2 tiop2 Figure 6 — — 8 — — 60 ns 
IOE delay time 3 __ tiops Figure 7 540 — — 340 — — ns 
(measured from LIR 
falling edge) 
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AC Characteristics (Vcc = 5 V +10%, Vsg = 0 V, T, = -20 to +75°C unless 
otherwise noted) (cont) 


HD648180W-4 HD648180W-6 


Item Symbol Test Conditions Min Typ Max Min Typ Max Unit 
INT setup time tints Figure 7 80 — — 40 — — os 
(measured from 6 falling edge) Figure 13 
INT hold time tinTH 70 — — 40 — — = ns 
(measured from 9 falling edge) 
NMI pulse duration tuiw 1200 —  — 120— — os 
BUSREQ setup time tars Figure 7 80 — — 40 — — ns 
(measured from 6 falling edge) 
BUSREQ hold time tary 70 — — 40 — — os 
(measured from 6 falling edge) 
BUSACK delay time 1 tBap1 — — 100 — — 95 os 
BUSACK delay time 2 tpape — — 100 — — 95 ns 
Bus floating delay time tpzp — — 130 — — 125 ns 
ME pulse duration (high) tMEWH 200 — — 110 — — ons 
ME pulse duration (low) tMewL 210 — — 125 — — ns 
Port data output tpwo Figure 13 — — 110 — — 90 #ns 
delay time 
Port data input tpps Figure 13 180 — —- 150 —- — _ os 
setup time 
Port data input tppH Figure 13 60 — —- 40 — — ns 
hold time 
REF delay time 1 trep: Figure 7 — — 110 — — 90 ns 
REF delay time 2 trep2 — — 110 — — 90 ns 
HALT delay time 1 tuaps Figure 7 — — 10 — — 90 ns 
HALT delay time 2 tHaDe Figure 12 — — 110 — — 90 ns 
DREQi setup time 1 tpras Figure 10 80 — — 40 — — os 
DREQi hold time 1 toRaH 70 — — 40 — — ns 
TEND) delay time 1 trep: — — 8 — — 70 ns 
TENDi delay time 2 treD2 — — 85 — — 70 ns 
© HITACHI 
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AC Characteristics (Vcec = 5 V +10%, Vg = 0 V, T, = —20 to +75°C unless 


otherwise noted) (cont) 


Item 
Timer output delay time 


SCI input clock cycle 
(clocked synchronous 
mode) 


SCi transmit data delay 
time (clocked syn- 
chronous mode) 


SCI receive data setup 
time (clocked syn- 
chronous mode) 


SCI receive data hold 
time (clocked syn- 
chronous mode) 


SCI input clock pulse 
duration 


Timer 1 input clock 
pulse duration 


RESET setup time 
RESET hold time 
RESET rise time 
RESET fall time 


Input pin rise time 
(other than RESET) 


Input pin fall time 
(other than RESET) 
ADT input pulse 
duration 


STBY input delay 
duration 


Oscillation stabilization 
time 


Symbol 
trop 


tscyc 


ttxp 


tsrx 


tuRx 


tpwSCXH 
tpwscxL 


tpwTH 
tpwIt 


tRES 
'REH 
thr 
tar 
tr 


tir 
tPWADH 
tpWADL 


tstByD 


tosc 


Test Conditions 
Figure 11 
Figure 17 


Figure 17 


Figure 14 


Figure 15 


Figure 15 


Figure 19 


Figure 15 


Figure 6 


Figure 9 


HD648180W-4 
Min Typ Max 
— — 300 
40 — — 
— — 200 
260 — — 
100 —  — 
0.4%1— 0.6*1 
8 ey: a 
120 — — 
8s0 — — 
— — §0*2 
— — §0*2 
— —  100*2 
— — 100*2 
8 ee te 
0 a 
— -— 20 


Notes: 1. Set so: (tpwscxu) + (tpwscx) + (tia) + (tie) = tscyc- 
2. If these rise and fall times are satisfied, but other specifications are not satisfied, adjust 


these rise and fall times to satisfy the other specifications. 
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Min Typ Max 
— — 300 
40 —- — 
— — 200 
260 — — 
100 — — 
0.4%1— 0.6*1 
8 tte 
120 — — 
80 —- ~— 
— —- © §O*2 
— — §0%2 
— — 100*2 
— — 100*2 
8 ec ted 
0 Ree eats 
— — 20 
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Unit 


ns 


ns 


ns 


ns 


tscyc 


ns 
ns 
ms 


ms 


ns 


ms 
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Op-code fetch cycle I/O write cycle (I/O read cycle) 


T, To Tw T3 T; 
tcHw tcLw 


_ BPP HM VV 


rs ae = in 
ft 






= 
—- 


tiod2 mu 


Pt 


i i 


ST 


Data in < y, (My dies CNA 
NON IN Res oN KS SHES 
oa paceman ae 








i Note 
t 
tres Aen oh 
RESET 
tre trr trr tre 
Op-Code Fetch Cycle and I/O Write Cycle 
Note: Output buffer off point. (I/O Read Cycle) when IOC = 1 


Figure 6 CPU Timing (1) 
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tints-+ 
wm NY 
qv 
| a 
uR*! 
= 
10E*! 
toRH 
ee LKE | A VAAN 
NANDA RNAS 
val 
ME "2 


ian tRFD2 
REF "2 — 
= 





BUSREQ 
tpap1 tpap2 
BUSACK \ 
tazp 
Address 
Data__ = 
ME, RD_ 
WR, IOE 
tHap2 
HALT | 
Ses t 
STBY a STBYD 
Notes: 1. For INT acknowledge cycle 
2. For refresh cycle INT, Acknowledge Cycle, Refresh Cycle, Bus Release Mode, 
3. Output buffer off point Halt Mode, sleep Mode, and System Stop Mode 


Figure 7 CPU Timing (2) 
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Ql 
7 S o 
— © = 
a 
© 
sy 
2 es 
= Q 
g 
Q 2 
fa 
5 5 
jam 
& 
a 
© 
@ ie ss 
Q 
© fe) 2 
O = a: 
~” 
YY) 
@ 
xe) Lu am 
ne) Q 
e < fe lz = 


Figure 8 CPU Timing (3) 
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. WMA WAYS 


CPU or DMA read/write cycle 
(TEND; applicable in DMA write cycle only) 


DREQ; 
(level input) 


DREQ| 
(edge input) 





TEND j 


ST 


1. Prescribed for clock rising edge immediately before T. 
2. Prescribed for each clock rising edge 

3. T, of DMA cycle start 

4. T, of CPU cycle start 





Figure 10 DMA Control Signals 


© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 827 





HD648180W 


Timer data 
register = OOOOH 





Figure 11 Timer Output 


SLP instruction fetch Next op-code fetch 
T 3 T 1 qT 2 





Figure 12 SLP Execution Cycle 
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T3 Ty To T3 
ho 


tppsu | | tppy 
-_ 


Figure 13 Port I/O Timing 


t scyc 
SCKO, 
SCK1 


tpwsex- 









Figure 14 SCI Clock Input Timing 





tpwtH 


TIN, 


tpwrt 


Figure 15 Timer 1 Input Pulse Duration 
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Figure 16 ADT Input Pulse Duration 


Transmit 
data 


Receive 
data 





Figure 17 SCI Clocked Synchronous Timing (direct phase) 





Figure 18 Rise and Fall Times for External Clock Input Signal 
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ty tr 


Figure 19 Rise and Fall Times for Input Signals (except EXTAL AND RESET) 


Test point 


1$2074 ®) 
or equivalent 





Figure 20 Bus Timing Test Load (TTL load) 


20V 2.0V 24V 24V 
08V 08V 08V 0.8V 


Input signal reference levels Output signal reference levels 





Figure 21 Reference Levels 
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@ Instruction Set Lists 


The following explains the symbols used throughout the instruction set lists contained in this 
appendix. 


1. Register Specification 


The register specification symbols are: g, g’, ww, Xx, yy, and zz. The symbols g and g’ 
represent 8-bit registers, while ww, xx, yy, and zz represent 16-bit registers, as shown below. 


g,9’ Reg. ww Reg. XX Reg. yy Reg. ZZ Reg. 
000 B 00 BC 00 BC 00 BC 00 BC 
001 C 01 DE 01 DE 01 DE 01 DE 
010 OD 10 HL 10 IX 10 lY 10 HL 
O11 E 11 SP 11 SP 11 SP 11 AF 
100 4H 

107 L 

111 A 


Note: The letters “H” (high) and “L” (low) are appended to the 16-bit register symbols to indicate 
the upper 8 bits and lower 8 bits. For example: wwH, IXL. 


2. Bit Specification 


The symbol b in the bit operand of a bit manipulation instruction, specifies the bit location as 
shown below. 


fox 
w 
party 


000 
001 
010 
011 
100 
101 
110 
111 


“NEO | Or; R | O | Me] — | oO 
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3. Condition Specification 


The symbol f specifies the condition against which the result of an operation is compared to 
determine the next instruction to be executed, as shown below. 

f Condition 

000 NZ _ nonzero 

001 Z zero 

010 NC noncarry 

O11 C carry 

100 PO parity odd 

101 PE parity even 

110 =P sign plus 


111  #M sign minus 
4. Restart Address 


The symbol v specifies the restart address for a restart instruction, as shown below. 





V Address 
000 #£OOH 

001 08H 

010 10H 7 
011 18H 

100 20H 

101 28H 

110 #£30H 

111 38H 

5. Flags 


The following symbols are used to denote changes in flags. 


—: Flag not affected 

Flag change undefined 

Flag affected according to operation result 
Flag set to 1 

Flag reset to 0 

Flag changes as a parity flag 

Flag changes as an overflow flag 


ee ee ee 
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6. Other Symbols 


( )w: Parentheses contain memory address 
( )y: Parentheses contain I/O address 
morn: 8-bit value 

mn: 16-bit value 

r: r suffix indicates 8-bit register 

R: R suffix indicates 16-bit register 

b¢( )y: b-th bit of memory address in parentheses 
be gr: b-th bit of general register gr 

dor j: Signed 8-bit displacement 

S: Source addressing mode 

D: Destination addressing mode 

e; AND operation 

+: OR operation 

®: XOR operation 
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¢ Data Manipulation Instructions 


1. Arithmetic and Logical Instructions (8-bit) 


| Addressing =| 
Mnemonics Op Code islalalalale — States 


ADD A, g 10 000 g 

ADD A, (HL) 10 000 110 
ADD A, m 11 000 110 
<m> 


11 011 101 
10 000 110 
<d> 


11.111 101 
10 000 110 
<d> 


10 001 g 
10 001 110 


11 001 110 
<m> 


11 011 101 
10 001 110 
<d> 


11 111 101 
10 001 110 
<d> 
10 100 g 
10 100 110 


11 100 110 
<m> 


11.011 101 
10 100 110 


<d> 


11 111 101 
10 100 110 
<d> 


10 111g 
10 111 110 


11.111 110 
<M> 

















Ar+gr— Ar 
Ar + (HL)y —> Ar 


Ar+m—Ar 
















ADD A, (IX + d) Ar + (IX + d)y —> Ar 













Ar + (IY + d)y > Ar 








ADD A, (IY + d) 







Ar+gr+¢ —> Ar 
Ar + (HL)y +0 — Ar 
Ar+m+c¢ —> Ar 









ADC A, g 
ADC A, (HL) 
ADC A, m 
















ADC A, (IX + d) Ar+ (IX +d)y+¢ — Ar 













ADC A, (IY +d) Ar+ (IY + d)y +0 —> Ar 















Argr —> Ar 
Ar(HL)y —> Ar 
Arm — Ar 


AND g 
AND (HL) 
AND m 




















Ar-(IX + d)yy —> Ar 








AND (IX + ) 









Ar-(l¥ + dy — Ar 








AND (IY + d) 










CP g 
CP (HL) 
CP m 
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1. Arithmetic and Logical Instructions (8-bit) (cont) 


Operation 


Name 
Compare | CP (IX +d) 








11 011 101 
10 111 110 
<d> 


11 111 101 
10 111 110 
<d> 













Comple- | CPL 
ment 


DEC  |DECg 
DEC (HL) 
DEC (IX +d) 


00g 101 
00 110 101 
11.011 101 


00 110 101 
<d> 


11.111 101 
00 110 101 
<d> 
00g 100 
00 110 100 
11.011 101 


00 110 100 
<d> 


11111 101 
00 110 100 
<d> 











(HL)y— 1 —> (HL)y 





(X+d)y-1— 
(IX + d)y 









(Y¥+d)y-1— 
(IY +d)y 


DEC (IY + d) 








INC INC g 
INC (HL) 


INC (IX +d) 


gr+1—4 979 
(HL)y + 1 —> (HL)yy 


(IX+d)y+1— 
(IX + d)y 

























INC (IY +d) (IY +d)y+1— 


(IY + d)y 
















MULT MLT ww 11 101 101 wwHr x wwLr — Ww 
| 01 ww1 100 
NEGATE 11 101 101 O-Ar— Ar t+ t t Vv S ?t 
01 000 100 






OR g 10 110g 


10 110 110 


11 110 110 
<m> 


11011 101 
10 110 110 
<d> 


11111 101 
10 110 110 
<d> 


Ar + gr — Ar 
Ar + (HL)y — Ar 


Ar+m-— Ar 








-~ fo >) fo] & _ —_ _ _ _ ak ~~ 






Ar + (IX + d)\y —> Ar 








14 Ar + (IY + d)y — Ar 
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1. Arithmetic and Logical Instructions (8-bit) (cont) 












Operation 


SUB 


SUBC 
TEST 






SUB g 
SUB (HL) 
SUB m 






10010g 
10 010 110 


11.010 110 
<m> 


11 011 101 
10 010 110 
<d> 


11 111 101 
10 010 110 
<d> 


Ar- gr > Ar 
Ar — (HL)y — Ar 


Ar-m— Ar 

















Ar- (IX + d)y — Ar 








SUB (IX +d) 









Ar- (IY + d)yy — Ar 











SUB (IY +d) 












SBC A, 9 100119 Ar-gr-c — Ar 
SBC A, (HL) 10 011 110 Ar - (HL)\y-¢ — Ar 
SBC A, m 11.011 110 Ar-m-c— Ar 


<m> 


11 011 101 
10 011 110 
<d> 


14 111 101 
10 011 110 
<d> 


11.101 101 
00g 100 
11 101 101 
00 110 100 


11 101 101 
01 100 100 
<m> 


10 101g 
10 101 110 
11101 110 
<m> 


11 011 101 
10 101 110 
<d> 


11 111 101 
10 101 110 
<d> 





Ar - (IX + d)yy-¢ — Ar 







SBC A, (IX + d) 









SBC A, (IY + d) Ar- (IY + d)y-¢ — Ar 






















Ar ® gr > Ar 
Ar ® (HL)y — Ar 
Ar®m — Ar 























Ar @ (IX + d)yy — Ar 










Ar ® (IY + d)y — Ar 
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2. Rotate and Shift Instructions 


Operation 
Name 


838 


RLCA 
RLC g 


RLC (HL) 


RLC (IX +d) 


RLC (IY +d) 


RLD 


RRA 
RR g 


RR (HL) 


RR (IX +d) 


Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


ox (il 


00 010 111 


11 001 011 
00 010g 


11 001 011 
00 010 110 


11.011 101 
11 001 011 
<d> 

00 010 110 


11.111 101 
11 001 011 
<d> 

00 010 110 


00 000 111 


11.001 011 
00 000g 


11 001 011 
00 000 110 


11.011 101 
11 001 011 
<d> 

00 000 110 


11111 101 
11 001 011 
<d> 

00 000 110 


11 101 101 
01 101 111 


00 011 111 


11.001 011 
00 011 9 


11 001 011 
00 011 110 


11 011 101 
11 001 011 
<d> 

00 011 110 


11 111 101 
11 001 011 
<d> 

00 011 110 


00 001 111 


11 001 011 
00 001 9 








[Addressing =| 


SD 

SD 
SD 

s/D 

S/O 
SD 

SD 
SD 


elas 
3 
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2. Rotate and Shift Instructions (cont) 


aT ae Fg 
sacs 7 e421 0 
Name | Mnemonics Op Code at States Operation S Z H PN 
13 ~ AR 









11 001 011 
00 001 110 


11011 101 
11 001 011 
<d> 

00 001 110 


11 111 101 
11 001 011 
<d> 

00 001 110 


11.101 101 
01 100 111 


11 001 011 
00 100 g 


11 001 011 
00 100 110 


11 011 101 
11 001 011 
<d> 

00 100 110 


11111 104 
11 001 011 
<d> 

00 100 110 


11 001 011 
001 1019 


11 001 011 
00 101 110 


11 011 101 
11 001 011 
<d> 

00 101 110 


11111 101 
11 001 011 
<d> 

00 101 110 


11 001 011 
00 1119 


11 001 011 
00 111 110 


11 011 104 
11 001 011 
<d> 

00 111 110 
11 111 101 
11 001 011 


<d> 
00 111 110 


RRC (HL) 



















RRC (IX + d) 




















SRAg 





SRA (HL) 












SRA (IX +d) 



















SRL (IY + d) 
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3. Bit Manipulation Instructions 


Operation 
Name Op Code 


Sls 
tu 
SET b, g 11 001 011 
lib g 
SET b, (HL) 11.001 011 
1b 110 
SET b, (IX+d) | 11011 101 
11 001 011 
<d> 
11b 110 
SET b, (IY +d) | 11111101 
11 001 011 
<d> 
1b 110 
Bit reset | RESb,g 11 001 011 
10b g 
RES b, (HL) 11.001 011 
10b 110 
RES b, (IX+d) } 11.011 101 
11 001 011 
<d> 
10b 110 
RES b, (IY+d) | 11 111 101 
11 001 011 
<d> 
10b 110 
Bittest |BITb,g 11 001 011 
O1b g 
BIT b, (HL) 11 001 011 S 
Oib 110 
BIT b, (IX + d) 11.011 101 
11.001 011 
<d> 
01b 110 
BIT b, (IY+d) | 11.111 101 
11 001 011 
<d> 
O1b 110 
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S Z H PVN C 


X t~ S$ X R — 



















Operation 


1 bgr 






1 b(HL)y 


1 > b(IX+ dy 


1 b-(lY + q)u 


0 > b-gr 
0 + b-(HL)y 


0 b-(IX+ d)y 


Ob (IY +d)y 


bor >2z 


oy 


b(HL)y 2 X t S$ X R 
b(IX+ dy —>z X tS X R 
X t S$ X R 
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7 68 4 — D 
Operation 8 ZH PWV Nn. | 


HLp +WWp = HL 
IXp + XXp = IXp 


4, Arithmetic Instructions (16-bit) 







ADD HL, ww 
ADD IX, xx 















11 0141 104 
00 xx1 001 


11 111 101 








ADD IY, yy 


sal a Lye Py PP event t tx VR? 
ww 010 


00 wwi 011 


11 011 101 
00 101 011 


11111 101 
00 101 011 













11.011 101 







11.111 101 


ww0 010 
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© Data Transfer Instructions 


1. 8-Bit Load 


Load LDA, | 
8-bit data 


LDA,R 


LD A, (BC) 
LD A, (DE) 
LD A, (mn) 
LDI,A 


LDR, A 


LD (BC), A 
LD (DE), A 
LD (mn), A 


LD g, 9’ 
LD g, (HL) 
LD g, m 


LD g, (IX +d) 


LD g, (IY +d) 


LD (HL), m 


LD (IX+ 4), m 


LD (IY + d),m 


Note: Interrupts are not detected at the end of the LD A, | and LD A, R instructions. 





11.101 101 
01010 111 


11 101 101 
01 011 111 


00 001 010 
00 011 010 


00 111 010 
<N> 
<m> 


11 101 101 
01 000 111 


11101 101 
01 001 111 


00 000 010 
00 010 010 


00 110 010 
<n> 
<m> 


Olg g 
O1g 110 
00g 110 
<m> 

11.011 101 


01g 110 
<d> 


11 111 101 
Oig 110 
<d> 


00 110 110 
<M> 


11011 101 
00 110 110 
<d> 
<m> 


11.111 101 
00 110 110 
<d> 
<m> 


| Addressing =| 
Op Code islelalelal 


SD 
D 
D 
D 
S/O 
s/D 
S 
S 
S 
sD 
D 
D 
D 
D 
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Operation S$ ZH PVN C 


I> Ar t 2 RIEFLR — 





Rr — Ar t t RIEFRR — 


(BC)y—> AdNo) = ff 
(DE)y — Ar 


(mn)y — Ar 


Aral id ee 


Beas Re ace ete alee eee 


Ara (BC)y  $Jltree-e eee 
Ar —» (DE)y 


Ar — (mn)xj 


gesage ae 


(HL)y —> gr 


Moo d= ——-— — = 


(X+d)y > 9F 


(IY + d)y > gr 


m—> (HL)y 


m—> (IX + d)y 
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1. 8-Bit Load (cont) 





Operation bz 
Op Code ii Hom States Operation S ZH PVN C 


LD (HL), g 01 110g 


11 011 101 
01 110g 
<d> 


11 111 101 
01 110g 
<d> 































LD (IY +d), g 


2. 16-Bit Load 


Operation S Z HPN N C 


11 011 101 
00 100 001 
<n> 
<m> 


11111 101 
00 100 001 
<n> 
<m> 


11 111 001 


11.011 101 
11 111 001 


11111 101 
11 111 001 


11 1014 101 
01 wwi 011 
<n> 
<m> 


00 101 010 (mn + 1)y — Hr 
(mn)y — Lr 
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2. 16-Bit Load (cont) 


Operation 


844 


LD IX, (mn) 


LD (mn), ww 


LD (mn), HL 


LD (mn), IX 


11.011 101 
00 101 010 
<N> 
<m> 


11.111 101 
00 101 010 
<Nn> 
<m> 


11 101 101 
01 ww0 011 
<n> 
<m> 


00 100 010 
<N> 
<m> 


11011 101 
00 100 010 
<n> 
<M> 


14111 101 
00 100 010 
<N> 
<Mm> 
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Operation 


(mn + 1), —> IXHr 
(mn)y —> IXLr 


(mn + 1)y — IYHr 
(mn)y — IYLr 


wwHr —> (mn + 1) 
wwLr — (mn)xy 


Hr — (mn + 1)y 
Lr —> (mn)y 


IXHr —> (mn + 1)y 
IXLr — (mn)y 


IYHr > (mn+ 1)y 
IYLr — (mn)y 


S ZH PNN C 
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3. Block Transfer 







Block 
transfer 
search 
data 


11 101 104 
10 101 001 


11 101 101 
10 111 001 


11 101 101 
10 100 001 


11 101 101 
10 110 001 


11 101 101 
10 101 000 


11 1014 101 
10 111 000 


11 101 101 
10 100 000 


11 101 101 
10 110 000 


Notes 1 PWV =0: BCp-1=0 
PN =1° BCp-1#0 
2. Z=1° Ar=(HL)y 
Z=0: Ar#(HL)y 
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Operation 


Ar— (HL)y 
BCa-1— BC, 
HLp -1~4 HLp 


BCr #0 Are (HL)y 


BCp = Oor Ar = (HL)y 


Ar- (HL)p 
| BCp-1— BC 
HLp_ -1—HLp 
Repeat Q until 


Ar = (HL)y or BCp =0 


BCp #0 Ar# (HL)y 

BCp = 0 or Ar= (HL)y 
Ar - (HL) 

| BCp-1—BCp 
HLp +1— HLp 


Repeat Q until 
Ar = (HL)y or BCp = 0 


HLp-1—HLp 
14 (BCp # 0) (HL) yy — (DE)y 


DER -1-4 DER 
HLp-1—> HLp 
Repeat Q until 
BCp =0 


(HL)y — (DE)y 


14 (BCp # 0) (HL)y — (DE)y 
12 (BCp = 0) Q BCr - i- BCp 
DER +1—DEp 
HL_p+1—HLp 
Repeat Q until 
BCp = 0 
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4. Stack and Exchange 


Operation 
Name 


PUSH PUSH zz 
PUSH IX 
PUSH IY 


Exchange | EX AF, AF’ 
EX DE, HL 
EXX 
EX (SP), HL 
EX (SP), IX 
EX (SP), lY 


Note: POP AF writes stack contents to flag. 


11 2z0 101 


11 011 101 
11 100 101 


11 111 101 
11 100 101 


11 220 001 


11 011 101 
11 100 001 


11 111 101 
11 100 001 


00 001 000 
11 101 011 
11 011 001 


11 100 011 


11 011 101 
11 100 011 


11111 101 
11 100 011 





© HITACHI 


Operation S Z HPN N C 


SPp-2 > SPp 


IXLr > (SP - 2)y 
IXHr — (SP - 1)yy 
SPp -23 SPp 


Lr —» (SP -2)y 
IYHr > (SP-1)y 
SPp-2— SPp 


(SP + 1),y > zzHrNote) 
(SP) — zzLr 

SPp + 2 > SPp 

(SP + 1)yy —> IXHr 
(SP)y — [Xr 

SPp +2 — SPp 

(SP + 1)y— IYHr 
(SP)y— IYLr 

SPp +2 —SPp 


AF — AFR’ 
DER -HLp 


BCp - BCR’ 
DEp - DEp’ 
HLp — HLp’ 


Hr — (SP + 1)yy 
Lr- (SP) yy 
IXHr~ (SP +1) 
IXLr~ (SP)y 


Hr - (SP +1)y 
IYLr-(SP)yy 
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e Program Control Instructions 


Operation bs a oo ae ee : 
Name Mnemonics Op Code i cc ts States Operation S Z HPN N C 



















































Call CALL mn 11 001 101 PCHr —> (SP - 1)y 
<n> PCLr — (SP - 2)y 
<m> mn — PCa 

SPp- 2 — SPp 
CALL f, mn 11f 100 6 (f: false) | continue: f is false 
<n> 16 (f: true) |CALL mn: f is true 
<m> 
Jump 00 010 000 9(Br#0) |Br-1— Br 

















continue: Br =0 
PCp+j—PCp: Br #0 


mn — PCr: fis true 
continue. f is false 


<j-2> 7 (Br = 0) 









11f 010 
<n> 
<m> 


11 000 011 
<n> 
<m> 


11 101 001 


11 011 101 
11 101 001 


11 111 104 
11 101 001 


00 011 000 
<} 2> 
00 111 000 
<} 2> 
00 110 000 
<}-2> 
00 101 000 
<}-2> 
00 100 000 
<j-2> 
11 001 001 


6 (f: false) 
9 (f: true) 


mn— PCR 








PCp +j > PCv 


continue’ C =0 


















OY oon wan ©D DWM 





(SP) — PCLr 
(SP + 1)y — PCHr 
SPp + 2 — SPp 





















RET f 11f 000 5 (f: false) |continue: f is false 
10 (f: true) | RET: fis true 
RETI 11 101 101 22 (2) (SP)y — PCLr 
01 001 101 12 (Rt) (SP + 1) > PCHr 


SPp +2 SPp 
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e Program Control Instructions (cont) 


Operation | be a 
Name Mnemonics Op Code i cx | Bytes | States 
RETN 11 101 101 
01 000 101 















PCHr —» (SP — 1)xy 
PCLr —» (SP -2)yy 













SPp -2 — SPp 


e 1/O Instructions 


Mnemonics Operation 


IN A, (m) 11 011 011 
<m> 
IN g, (C) 11 101 101 
01g 000 : 
flags will change. 
Cr— Ao to A7 
Br— Ag to Ais 
INO g, (m) 11 101 101 (00m); — gr 
00g 000 g=110: only the 
<m> flags will 
11 101 101 
10 101 010 


Notes: 1. Z=1: Br-1=0 
Z=0: Br-1#0 

2. N=1: MSB of data = 1 

N = 0: MSB of data = 0 
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e I/O Instructions (cont) 


| Addressing | 
Operation be 
Name Mnemonics Op Code i | Bytes States 


INDR 11101 101 14 (Br + 0) 
10 111 010 12 (Br = 0) 
11 101 101 
10 100 010 

INI 11101 101 14 (Br + 0) 
10 110 010 12 (Br =0) | 

















Operation 


| (BC), — (HL)y 
Q) HL_-1—HlLp 
Br-1— Br 
Repeat Q until 



















(BC), > (HL)y 
HLp +1 — HLp 
Br-1-— > Br 

Cr — Ag to Az 
Br —> Ag to Ays 


| (BC); — (HL)y 
Q 













HLp+1—HLp 
Br-1— Br 
Repeat Q until 































Output | OUT (m),A 11 010 011 
<m> 
OUT (C), g 11 101 101 
O1g 001 
OUTO(m),g | 11101101 | | 
00g 001 
<M> 
11 101 101 
10 001 011 
11101 101 16 (Br # 0) (HL) y —> (00C), 
10 011 011 14(Br=0) |Q) HlL_p-1—Hlp 
Cr-1—Cr 
Br-1— Br 
Repeat Q until 
Notes: 1. Z=1: Br-1=0 
Z=0: Br-1#0 
2. N=1: MSB of data = 1 
N =0: MSB of data =0 
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e I/O Instructions (cont) 


Addressing 
Operation bz 
Name —_| Mnemonics Op Code os cr | Bytes Operation 




















11101 101 (HL)y —> (BC), 
10 111 011 af HLp-1—HLp 
Br-1— Br 
Repeat Q until 


11 101 101 
10 100 011 














11101 101 
10 110 011 











HLp +1—HlLp 
Br-1—> Br 
Repeat Q until 


| (HL)y — (BC), 
Q 





11 101 101 
01 110 100 
<m> 


11 101 101 
10 000 011 













11 101 101 
10 010 011 






16 (Br # 0) 
14 (Br = 0) 


(HL)y — (00C) 
Q) HLp+1—>HLp 
Cr+1—Cr 
Br-1— Br 
Repeat Q until 


11 101 101 
10 101 011 





Notes: 1. 


2. 
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e Special Control Instructions 


Operation 
Name 
Special 00 100 111 Decimal 
function adjust 
accumulator 

Carry CCF OO 111 111 
control | sor 00 110 111 

DI 





CPU 11 110 011 0 — IEF, 0 + IEFa(Nots 
COMO shies 11111 011 1 IEF;, 1 > IEF, (Now 
HALT 01 110 110 CPU halted 

IMO 11 101 101 Interrupt 
01 000 110 mode 0 
11 101 101 | Interrupt 
01.010 110 mode 1 
11 101 101 Interrupt 
01011 110 mode 2 
00 000 000 No operation 
11 101 101 Sleep 
01 110 110 


Note: Interrupts are not detected at the end of the DI or El instruction. 
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M@ Alphabetical Instruction List 


Mnemonics Bytes Machine Cycles States 
ADC A, m 2 2 6 
ADC A,g 1 2 4 
ADC A, (HL) 1 2 6 
ADC A, (IX + d) 3 6 14 
ADC A, (IY + d) 3 6 14 
ADC HL, ww 2 6 10 
ADD A, m 2 2 6 
ADD A, g 1 2 
ADD A, (HL) 1 2 
ADD A, (IX + d) 3 6 14 
ADD A, (IY + d) 3 6 14 
ADD HL, ww 1 5 7 
ADD IX, xx 2 6 10 
ADD VY, yy 2 6 10 
AND m 2 2 
ANDg 1 2 
AND (HL) 1 2 
AND (IX + d) 3 6 14 
AND (IY + d) 3 6 14 
BIT b, (HL) 2 3 9 
BIT b, (IX + d) 4 5 15 
BIT b, (IY + d) 4 5 15 
BIT b,g 2 2 6 
CALL f, mn 3 2 6 (If condition is false) 
3 6 16 (If condition is true) 
CALL mn 3 6 16 
CCF 1 1 3 
CPD 2 6 12 
CPDR 2 8 14 (If BCp #0 and Ar # (HL),y) 
2 6 12 (If BCp = 0 or Ar = (HL),y) 
@ HITACHI 
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Mnemonics 
CP (HL) 
CPI 

CPIR 


CP (IX + d) 
CP (IY +d) 
CPL 

CP m 

CP g 

DAA 

DEC (HL) 
DEC IX 
DEC IY 
DEC (IX + d) 
DEC (IY + d) 
DEC g 

DEC ww 

DI 

DJNZ j 


E| 
EX AF, AF’ 
EX DE, HL 
EX (SP), HL 
EX (SP), IX 
EX (SP), IY 
EXX 

HALT - 

IMO 

IM 1 

IM 2 


Bytes 


mo MO MO ~*~ += NY YO |= |= |= |= NONM |= = |= WO WMH DH = =~ = HB |= WOW WNDND ND 


Machine Cycles 
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States 
6 
12 


14 (If BOp # 0 and Ar # (HL))y) 
12 (If BCp = 0 or Ar = (HL),y) 


14 
14 
3 


co 


(If Br # 0) 
(If Br = 0) 


oO fF WOW NO WO ff HR = 


CGC a whet 
Oo oOo Oo 


on © W 
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Mnemonics 
INCg 

INC (HL) 
INC (IX + d) 
INC (IY + d) 
INC ww 
INC IX 

INC IY 

IN A, (m) 

IN g, (C) 
INI 

INIR 

INIR 

IND 

INDR 


INO g, (m) 
JP f, mn 


JP (HL) 
JP (IX) 
JP (IY) 
JP mm 
JR j 

JRC, j 


JR NC, j 
JR Z,j 
JR NZ, j 


LD A, (BC) 
LD A, (DE) 
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Bytes 


— X§=— PM MND NMONDM NON NYO W NY DY |= WW WD NM NY NYO ND DH NYO NYP NY NYO —|- WO WO + — 


Machine Cycles 


MP MO HM BND HM LHPYDYM F& WO NY DO =| WN Ff SLO fF HO FF W WO W WNYD DO CO Ff DY 
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States 
4 

10 

18 

18 


oO ON NN F& 


12 
14 (If Br # 0) 
12 (If Br = 0) 
12 


14 (If Br #0) 
12 (If Br = 0) 


12 


(If f is false) 
(If f is true) 


6 
9 
3 
6 
6 
9 
8 
6 (If condition is false) 
8 (If condition is true) 
6 (If condition is false) 
8 (If condition Is true) 
6 
8 
6 
8 
6 
6 


( 

(If condition is false) 
(If condition is true) 
( 
( 


If condition is false) 
lf condition is true) 


Mnemonics 
LD A, | 

LD A, (mm) 
LD A, R 

LD (BC), A 
LDD 

LD (DE), A 
LD ww, mn 
LD ww, (mn) 
LDDR 


LD (HL), m 
LD HL, (mn) 
LD (HL),g 
LD! 

LDI,A 

LDIR 


LD IX, mn 

LD IX, (mn) 
LD (IX +d),m 
LD (IX +d),g 
LD IY, mn 

LD IY, (mn) 
LD (IY +d),m 
LD (IY +d),g 
LD (mn), A 
LD (mn), ww 
LD (mn), HL 
LD (mn), IX 
LD (mn), IY 
LDR, A 

LD g, (HL) 


Bytes 


“=~ PO f& fF WO fF WD WwW fF fF FW RF BB BR MOND YH KH =| WNW NM A WO |= DB =| DB WO ND 


Machine Cycles 


NO NON NON AN OMAN OD PR AD DMO FW TW ADM DM W W BR W DY A PD 
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States 
6 
12 


18 


14 (If BCp ¥ 0) 
12 (If BCp = 0) 


9 
15 
7 
12 
6 


14 (If BCp ¥ 0) 
12 (If BCp = 0) 


12 
18 
15 
15 
12 
18 
15 
15 
13 
19 
16 
19 
19 
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Mnemonics Bytes Machine Cycles States 

LD g, (IX + d) 3 6 14 

LD g, (IY + d) 3 6 14 

LD g,m 2 2 6 

LD g, 9’ 1 2 4 

LD SP, HL 1 2 4 

LD SP, Ix 2 3 7 

LD SP, IY 2 3 7 

MLT ww 2 13 17 

NEG 2 2 6 

NOP 1 1 

OR (HL) 1 2 

OR (IX + d) 3 6 14 

OR (IY + d) 3 6 14 

ORm 2 2 

ORg 1 2 

OTDM 2 6 14 

OTDMR 2 8 16 (If Br # 0) 
2 6 14 (If Br = 0) 

OTDR 2 6 14 (If Br # 0) 
2 4 12 (If Br = 0) 

OTIM 2 6 14 

OTIMR 2 8 16 (if Br + 0) 
2 6 14 (If Br = 0) 

OTIR 2 6 14 (If Br # 0) 
2 4 12 (If Br = 0) 

OUTD 2 4 12 

OUTI 2 4 12 

OUT (m), A 2 4 10 

OUT (C), g 2 4 10 

OUTO (m), g 3 5 13 

POP IX 2 4 12 

POP IY 2 4 12 
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Mnemonics Bytes Machine Cycles States 

POP zz 1 3 9 

PUSH IX 2 6 14 

PUSH IY 2 6 14 

PUSH zz 1 5 11 

RES b, (HL) 2 5 13 

RES b, (IX + d) 4 7 19 

RES b, (IY +d) 4 7 19 

RES b,g 2 3 7 

RET 1 3 9 

RET f 1 3 5 (If condition is false) 
1 4 10 (If condition is true) 

RETI 2 10 (2) 22 (Z) 

4 (R1) 12 (R1) 

RETN 2 4 12 

RLA 1 1 

RLCA 1 1 

RLC (HL) 2 5 13 

RLC (IX + d) 4 7 19 

RLC (IY +d) 4 7 19 

RLC g 2 3 7 

RLD 2 8 16 

RL (HL) 2 5 13 

RL (IX + d) 4 7 19 

RL (IY + d) 4 7 19 

RL g 2 3 

RRA 1 1 

RRCA 1 1 

RRC (HL) 2 5 13 

RRC (IX + d) 4 7 19 

RRC (IY + d) 4 7 19 

RRC g 2 3 7 
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Mnemonics Bytes Machine Cycles States 
RRD 2 8 16 
RR (HL) 2 5 13 
RR (IX + d) 4 7 19 
RR (1Y + d) 4 7 19 
RRg 2 3 7 
RST v 1 5 11 
SBC A, (HL) 1 2 6 
SBC A, (IX + d) 3 6 14 
SBC A, (IY +d) 3 6 14 
SBC A, m 2 2 

SBC A, g 1 2 

SBC HL, ww 2 6 10 
SCF 1 1 3 
SET b, (HL) 2 5 13 
SET b, (IX +d) 4 7 19 
SET b, (IY + d) 4 7 19 
SET b,g 2 3 7 
SLA (HL) 2 5 13 
SLA (IX + d) 4 7 19 
SLA (IY +d) 4 7 19 
SLA g 2 3 7 
SLP 2 2 8 
SRA (HL) 2 5 13 
SRA (IX + d) 4 7 19 
SRA (IY + d) 4 7 19 
SRAg 2 3 7 
SRL (HL) 2 5 13 
SRL (IX + d) 4 7 19 
SRL (IY + d) 4 7 19 
SRLg 2 3 7 
SUB (HL) 1 2 6 
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Mnemonics 
SUB (IX + d) 
SUB (IY +d) 
SUB m 
SUB g 
TSTIO m 
TST g 

TST m 

TST (HL) 
XOR (HL) 
XOR (IX + d) 
XOR (IY + d) 
XOR m 
XORg 
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Bytes Machine Cycles States 


3 6 14 
3 6 14 
2 2 6 
1 2 

3 4 12 
2 3 

3 3 9 
2 4 10 
1 2 6 
3 6 14 
3 6 14 
2 2 6 
1 2 4 
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Mi Op Code Map 


Table 3 Op Code Map (1) 





MO8tT879CH 


00€8-68S (Sl) © GISI-SOOrE VO ‘auegsiig « AMyd JUIOd BLAIS NOOZ © EZEid IYDEH © ‘p}] ‘BOVaWy 1Yy9eH 


IHOV.LIH © 





First op code 
Instruction format: XX 
ww (LO = ALL 
| BC | DE | HL| SP | 
3 (LO =0to7 PNZ {NC | PO; P| ff 
—0 tp oor 1c} 20H 20 
| 0000 | 0001 | oo10 | 0011 | 0100 | o101 | o110 | o111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1401 | 1110 | 1141, 
are fatstetytetstatetetote rr 
Been 6 oF [SN DEN BANG RET 
6 oe 
a aa 





Bel did eal 


| E | oo1 | 3 | New 
INC g 1 * 4 


JP mn OUT 
ea 


i 




























| L | or [5 | DEC ¢ * PUSH zz 
(HL) | otto [6 | = =lDgm st *1 | bial wsal woe] Sia 
Pa Tons 7 Tac a [ORR Soe RST v 
|B | to00 | 8 [Exar JR] [JRZj[JRC, || 
| C | 1001 | 9 | a A ww billed da a 
re [we [+ [enon ese ; 
pais aes JP f, mn 
| E | ii iB]  DECw | 5 ADC AISBC A|XOR s| CPs Sai ee ee 
| H | 44100 | C | INC g cA mn rom 
ea ST ee a =o here eee ererean commen errs Creene: ores culm] +3 [Tawa] =3 [0 
(HU | ito JE |) =|=—6tWDgm Te ee 2 * 2 |ADCAmSBCAmMXORm| CPm| E 
aL LF [RAGA RRA | CPL [OOF | C<iRST'VSCC‘SCFF Cd 
Of i 2h aS 6 7 8 8 AB 6 -J20 | Ee. 
pGe dt Be PAL CB he ee -Z [Cc | PET Mf 
J (LO =8 toF 


LO=8toF 


Notes: 1. g is replaced by (HL). 
2. sis replaced by (HL). 
3. Appending DD to the beginning of an op code (DD XX) in an instruction that has HL or (HL) in its operand produces the 


| 


O0E8-68S (Slr) © 6L81-SOOPE VO “AUegsig © AMY JUIOd BLIIS QO0Z © CZRid 1Y9RYH © “p}] ‘POVaWYy 1YyoeyH 


L98 


IHOVLIH @ 


same operation as the original format with the following replacements: 
HL replaced by IX 

(HL) replaced by (IX + d) 

Example: 

22H ; LD (mn), HL — DDH 22H ; LD (mn), IX 


Similarly, appending FD to the beginning of an op code (FD XX) in an instruction that has HL or (HL) in its operand 
produces the same operation as the original format with the following replacements: 


HL replaced by IY 

(HL) replaced by (IY + d) 

Example: 

34H ; INC (HL) — FDH 34H ; INC (IY +d) 

An exception is the JP (HL) instruction (E9H). Appending DDH or FDH to the beginning replaces (HL) with (IX) or (IY). 


If DDH or FDH is appended to the EX DE, HL instruction (EBH), an undefined instruction results, without replacement of 
HL. 
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C98 


00€8-68S (Sir) © 6I8L-GOOKE WO ‘aUeqsLg © AMyd IUIOd BLAIS O00Z © BZRid IYIRHH © “py] ‘BoVeWy 1yoe}IH 


IHOVLIH @ 


Table 4 Op Code Map (2) 


Second op code 
Instruction format: CB XX 


b (LO=0to7 
Tare Reece eae ee ae ees 
Fight foae-annt apie TaottFofen Foro! [ova Lon’ {tooo [oat toto {rot | igo fhiok {Ho itt 
ae ee ee ee eee ee 
| B_| 0000 | 0 
| C | 0001 | 1 
| D | ooto | 2 | 


| 0011 | 3 | 


H 4 
| iL | oo | 5 
(HL) | otto | 6 | 
| A | ont | 7 | 
|B | 1000 | 8 | 
| C | 1001 | 9 | 
| D | 1010 | AL 


| L {4401 | | 
(HL) | 4410 | E | 
TA Tat [ F 


b (LO =8 to 





Note: if DDH is appended to the beginning of the op code, the instruction is executed by the op code DD CB d XX, replacing (HL) 
with (IX + d). Similarly, if FDH is appended to the beginning of the op code, the instruction is executed by the op code FD CB 
d XX, replacing (HL) with (IY + d). 


MO81879dH 


Table 5 Op Code Map (3) 


Second op code 
Instruction format: ED XX 


O0E8-68S (GLb) © GL8L-GO0PE WO ‘auegsHg © ‘AMY%d JWIOd 2181S 000 © BZR|d IYIRIH © “p}] “BOWaWY 1Yy9e}IH 


£98 


IHOVLIH © 












ww (LO = ALL) 
| BC | DE | HL | SP | 
g(LO=0to7 




























a ee 
SE ti et eae ae get ee ae at 
rotiiztstetsistr{eistatetcolotere 
0000 |o |  —INOg (m) | NGC) 
| 0010_| 2 


INL | INIR 
| 0011 | 3 OTIM {OTIMR} OUT! | OTIR 





0100 | 4 | TSTg TST NEG | [TST MJTSTIOM 
| 0101 | 5 | RETN | 

0110 | 6 | ou 

POL ARD AL AE 


a CT LODR 








| foo1 | 9 | OUTO(m,g | OUT (Cg 
cn LIND | INDR_ 
| 1011 | BL | LD ww, (mn) |OTDM |OTDMR|OUTD [OTDR_ 


1101 | D | RETI 


10 | E| 
aii | | 


TGP 
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@ Bus Cycle Conditions 


A hyphen in the Address column indicates that address output is undefined. A “Z” in the Data 
column indicates that the data pin is at high impedance. 


Machine 
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST 
ADD HL,ww = MC, T,ToT3 1stop-code ist Oo 1 0 1 Oo 1 0 
address op-code 
MCoto Tilititi — Z 1 1 1 1 1 1 1 
MC, 
ADD IX, ww MC, T,ToTg istop-code ist oO 1 0 1 Oo 1 0 
ADD IY, yy address op-code 
MC. T,ToT3 2ndop-code 2nd 0 1 0 1 0. (1 1 
address op-code 
MC,to Tilititi — Z 1 1 1 1 1 1 1 
MC. 
ADC HL, ww MC, T,ToT3 1stop-code ist 0 1 0 1 0. (1 0 
SBC HL, ww address op-code 
MC, T,ToT3 2ndop-code 2nd 0 i 0 1 oO. 61 1 
address op-code 
MC,to Tilititi — Z 1 1 1 1 1 1 1 
MC, 
ADD A, g MC, T,ToT3 1stop-code 1st 0 1 0 1 0 1 0 
ADCA,g address op-code 
SUBg _ 
SBC A, g MC, Ti Z 1 1 1 1 1 1 1 
ANDg 
ORg 
XORg 
CPg 
ADD A, m MC, T,ToT3 1stop-code ist 0 1 0 1 Oo 1 0 
ADC A, m address op-code 
eoegll MC, _1,ToT3 2nd d2nd 07 0% 4% 79° 47 
SBC A, mr 2 qlalg a operan n F 
AND m address op-code 
OR m 
XOR m 
CP m 
@ HITACHI 
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Machine ee eee 
Instruction __ Cycle __ States _Address__Data___SO#RD WA ME (OE LR HALT ST 
ADD A, (HL) MC, TyToT3 1stop-code ist Oo 1 0 14 0 1 0 
ADC A, (HL) address op-code 
SUB (HL) 
SBC A, (HL) MC, Ty, Tools HL Data 0 1 0 1 1 1 1 
AND (HL) 
OR (HL) 
XOR (HL) 
CP (HL) cleats 
ADD A, (IX+d) MC, T,ToT3 %stop-code st 0 1 0 1 oO 1 0 
ADD A, (IY +d) address op-code 
Aridi ee! MC, T,ToT, 2ndop-code 2nd Oo 1 Oo. 1 oO 1 1 
ee) address op-code 
LOTSA Eb Ge) an ee te ce dh 
SUB (IY +d) MC, T,ToT3 %1stoperand d 0 1 Oo 1 1 1 1 
SBC A, (IX + d) address 
SBC A, (IY + d) ea 
AND (IX +d) Hm to. Titi Z 1 1 1 1 1 1 1 
AND (IY +d) 9°©| ——S-——SSSFSFSSFSFSFSFSS 
OR (IX + d) MC. T,ToTg IX+d Data Oo 1 QO. 4 1 1 1 
OR (IY + d) IY+d 
XOR (IX + d) 
XOR (IY + d) 
CP (IX +d) 
CP (IY +d) 
BIT b,g MC, T,ToT, 1stop-code ist 0 1 Oo 61 Oo 1 0 
address op-code 
MC, T,ToTg 2ndop-code 2nd Oo 1 Oo 1 Oo 1 1 
address op-code 
BIT b, (HL) MC, T,ToT, 1stop-code ist Oo 1 Oo. 1 Oo 1 0 
address op-code 
MC, T,T5Tg 2ndop-code 2nd 0 1 Oo 61 Oo 1 1 
address op-code 
MC, T,ToT3 HL Data 0 1 Oo 1 1 #1 1 
© HITACHI 
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Instruction 


BIT b, (IX +d) 
BIT b, (IY +d) 


CALL mn 


CALL f, mn 
(If condition 
is false) 


CALL f, mn 
(If condition 
is false) 


866 


Machine 
Cycle 
MC, 
MC. 
MC, 
MC, 
MC; 
MC, 
MC, 


MC; 


MC, 
MC; 
MC, 
MC, 


MC, 
MC, 
MC, 
MC; 


MC, 
MC; 
MC, 


States 
T, ToT 


T, ToT 
T, ToT 
T, ToT 
T, ToT, 
T, ToT 
T, ToT 
T, ToT 


Ti 

T, Tol 
Ty ToT 
Ty ToT 


T, ToT 
Ty TaT3 
TyTaTg 
TyTaTg 


Ti 
T, ToT 
T, ToT 


Address Data 
1st op-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
1stoperand d 
address 
3rd op-code 3rd 
address op-code 
IX+d Data 
Y+d 
1st op-code ist 
address op-code 
1st operand n 
address 
2nd operand m 
address 
— Z 
SP —1 PCH 
SP -2 PCL 
1stop-code 1st 
address op-code 
1stoperand n 
address 
1st op-code ist 
address op-code 
1stoperand n 
address 
2nd operand m 
address 
— Z 
SP — 1 PCH 
SP -2 PCL 
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Instruction 
CCF 


CPI 
CPD 


CPIR 
CPDR 


(if BCR #0 and 


Ar # (HL)py) 


CPIR 

CPDR 

(lf BCR =Oor 
Ar = (HL)) 


CPL 


DAA 


D|Note 


Note: Interrupts are not detected at the end of the DI instruction. 
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Machine 
Cycle 


MC, 
MC, 
MC, 


MC; 


MC, to 
MC. 


MC, 
MC, 


MC; 


MC, to 
MC, 


MC, 


= 


Co 


MC 


MC, to 
MC, 


MC, 


MC, 


MC, 
MC, 


States 
T,ToTs 


Ty Tals 
T, ToT 


T, ToT 
THT 


T, ToT 
T, ToT 


TyToTs 


Address 


1st op-code 
address 


1st op-code 
address 


2nd op-code 
address 


HL 


1st op-code 
address 


2nd op-code 
address 


HL 


TTT — 


T,Tols 
Ty ToTs 


T,ToTs 


1st op-code 
address 


2nd op-code 
address 


HL 


TTTITIT| — 


T, Tol, 
Ty ToT 


Ti 
Ty Tals 


1st op-code 
address 


1st op-code 
address 


1st op-code 
address 


Data 


1st 
op-code 


1st 
op-code 


2nd 
op-code 


Data 
Z 


1st 
op-code 


2nd 
op-code 


Data 
Z 


1st 
op-code 


2nd 
op-code 


Data 
Z 


1st 
op-code 


1st 
op-code 


Z 


1st 
op-code 
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Instruction 


DJNZ j 
(if Br x 0) 


DJNZ j 
(if Br = 0) 


EI*2 


EX DE, HL 
EXX 


EX AF, AF’ 


EX (SP), HL 


Machine 


Cycle 
MC, 


MC> 
MC; 


MC, to 
MC; 


MC, 


MC> 
MC; 


MC, 
MC, 
MC, 


MC> 
MC, 


MC 
MC; 
MC, 
MC; 
MC, 


States 
T,TaTg 


Ti"! 
T,ToT3 


=I 


Ti 
T, ToT 


Ti" 
T,T2T3 


Ty Tats 
Ty Tals 
T, ToT 


Ti 
T, ToT 


T,Tols 
T, ToT 
Ti 

T, ToT 
T, ToT 


Address 


1st op-code 
address 


1st operand 
address 


1st op-code 
address 


1st operand 
address 


1st op-code 
address 


1st op-code 
address 


1st op-code 
address 


1st op-code 
address 


SP 
SP + 1 
SP + 1 
SP 


Data 


1st 
op-code 


Z 
j-2 


Z 


1st 
op-code 


Z 
J-2 


Ist 
op-code 


1st 
op-code 


1st 
op-code 


Z 


1st 
op-code 


Data 
Data 
Z 
H 
L 


0 


0 
0 
1 
1 
1 


1 


O |] — ]| — |] - 


0 


0 


oO;jnm 1] oO; oO 


0 


1 


ee ee ee ee | 


0 


wh f ok | ak 1 ah | otk 


1 


ak f ok fj wk | eek | 


0 


eee ee ee ee ee 


Notes: 1. Immediately after this state, DMA, refresh, and bus release cannot be executed. Any 
such requests are ignored. 


2. Interrupts are not detected at the end of the El instruction. 
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Instruction 


EX (SP), IX 
EX (SP), IY 


HALT 


IMO 
IM 1 
IM 2 


INCg 
DEC g 


INC (HL) 
DEC (HL) 


INC (IX +d) 
INC (IY +d) 
DEC (IX + d) 
DEC (IY + d) 
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Machine 

Cycle States 
MC, T,Tols3 
MC, T, Tol 
MC. T,ToTs 
MC, T, ToT 
MC. Ti 

MC, T, ToT 
MC, T,ToT3 
MC, T,Tols 
MC, T, ToT, 
MC, T,ToTs 
MC, T, ToT 
MC, Ti 

MC, T,ToT3 
MC, T,Tols 
MC, Ti 

MC, T, ToT, 
MC, T,Tols 
MC, T, Tol, 
MC, Ti 








Address Data 
1st op-code st 
address op-code 
2nd op-code 2nd 
address op-code 
SP Data 
SP +1 Data 
= Z 
SP + 1 IXH 

IYH 
SP IXL 

YL 
1st op-code 1st 
address op-code 
Next op-code Next 
address op-code 
1st op-code 1st 
address op-code 
2nd op-code 2nd 
address op-code 
1st op-code st 
address op-code 
— Z 
1st op-code st 
address op-code 
HL Data 
— Z 
HL Data 
1st op-code ist 
address __op-code 
2nd op-code 2nd 
address op-code 
1st operand d 
address 
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instruction 


INC (IX + d) 
INC (IY +d) 
DEC (IX + d) 
DEC (IY +d) 


INC ww 
DEC ww 


INC IX 
INC IY 
DEC Ix 
INC IY 


IN A, (m) 


IN g, (C) 


INO g, (m) 


870 


Machine 
Cycle 


MC, to 
MC; 
MC, 


MC, 
MCg 


MC, 


MC> 
MC, 


MC» 


MC, 
MC, 


MC> 
MC; 
MC, 
MC 


MC; 
MC, 


MC» 
MC; 


MC, 


States 
Titi 


T, ToT 


Ti 
T, ToT 


T, ToT 


Ti 


T, Tals 


Ti 
T, ToT 


T, ToT 
T, ToT, 
T, Tol 
T, ToT, 


T,Tols 
T, ToT, 


T,TaT3 
T; Tal 3 


T, ToT 


Address Data 
— Z 
IX+d Data 
IY+d 
— Z 
IX+d Data 
Y+d 
1st op-code st 
address op-code 
— Z 
1st op-code st 
address op-code 
2nd op-code 2nd 
address op-code 
— Z 
1stop-code ist 
address op-code 
1st operand m 
address 
mtoA,-A, Data 
A to Ag—Aj5 
1st op-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
BC Data 
1stop-code st 
address op-code 
2nd op-code 2nd 
address op-code 
1st operand m 
address 
mtoA p-A; Data 
OOH to 
Ag-Ai5 
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0 1 
1 1 
1 0 
0 1 
1 1 
O 1 
0 1 
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0 1 
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{ 

{ 
Oo 1 
0 1 
0 1 


1 


1 


1 
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Instruction 


INI 
IND 


INIR 
INDR 
(If Br + 0) 


INIR 
INDR 
(If Br = 0) 


JP mn 


JP f, mn 
(If f is false) 
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Machine 
Cycle 


MC, 


States 
T,Tols 


Ty Tals 


Ty ToT, 
TyToTg 
T, ToT 


T,Tols3 


T,ToT3 
Tyla 
TiTi 


T,Tols 
T,Tols 


T,ToTs 
T,ToT3 
T,Tols 


T, ToT, 
T,Tol3 
T, ToT 


Address Data 
1st op-code st 
address op-code 
2nd op-code 2nd 
address op-code 
BC Data 
HL Data 
1st op-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
BC Data 
HL Data 
— Z 
1stop-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
BC Data 
HL Data 
1stop-code ist 
address op-code 
1st operand n 
address 
2nd operand m 
address 
1st op-code ist 
address op-code 
1st operand n 
address 
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Machine See ee, yee 
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST 
JP f, mn MC, T,ToTz 1stop-code ist 0 1 oO 1 Oo 1 0 
(If is true) address op-code 
MC, T,ToT3 %1stoperand n 0 1 Oo.) (1 1 1 1 
address 
MC, T,T5T3 2ndoperand m 0 1 1 #1 1 1 1 
address 
JP (HL) MC, T,ToT3 1stop-code 1st Oo 1 oO 61 Oo 1 0 
address op-code 
JP (IX) MC, T,ToT3 %1stop-code ist 0 1 0 1 Oo 1 0 
JP (IY) address op-code 
MC» T,ToT3 2ndop-code 2nd Oo. (1 Oo 1 Oo. (1 1 
address op-code 
JR j MC, T,ToT3 1stop-code ist Oo 1 0 1 Oo 1 0 
address op-code 
MC, T,ToT3 1 stoperand j-2 Oo 1 0 1 1 1 1 
address 
MC, to TiTi — Z 1 1 1 1 1 1 1 
MC, 
JR C,jJRNC,j MC, T,ToT3 1stop-code st Oo 1 0 1 0 41 0 
JR Z,j JR NZ, j address op-code 
(If condition a 
is false) MC, T,ToT3 %istoperand j-2 Oo 1 0 1 1 1 1 
address 
JR C,jJRNC,j| MC, T,;ToT3 1stop-code 1st Oo 1 0 1 0 1 0 
JR Z, j JR NZ, } address op-code 
(I eonation MC, T,ToT3  stoperand j-2 O 1 Oo 1 1 1 1 
is true) 
address 
MC, to Till — Z 1 1 1 1 1 1 1 
MC, 
LD g,g’ MC, T, ToT, stop-code ist 0 1 oO 1 0 1 0 
address op-code 
MC. Ti — Z 1 1 1 1 1 1 1 
LD g,m MC, T,ToT3  1stop-code ist 0 1 0 1 Oo 1 0 
address op-code 
MC. T,ToT3 %1stoperand m 0 1 Oo 61 1 1 1 
address 
LD g, (HL) MC, T,ToT3 1stop-code ist 0 1 0 1 Oo 61 0 
address op-code 
MC, T,ToT3 HL Data Oo 61 Oo. (1 1 1 1 
© HITACHI 
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Instruction 


LD g, (IX + d) 
LD g, (IY +d) 


LD (HL), g 


LD (IX +), g 
LD (IY +d), g 


LD (HL), m 


LD (IX +d), m 
LD (IY +d), m 
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Machine 
Cycle 
MC, 
MC, 
MC, 
MC, to 
MC-z 
MC. 
MC, 


MC» 
MC; 
MC, 


MC, 
MC; 
MC, to 
MC, 
MC, 
MC, 


MC, 


MC; 
MC, 


MC, 
MC; 
MC, 


MCs 





States 
T, ToT 


T, ToT 
T, Tol 


Ti 


= 


T, ToT 
T,Tols 


Ti 
Ty ToT3 
Ty ToT 


T,ToTs 
T,ToT3 
TTT 

T, ToT 
T,ToTs 
T, ToT, 


T, Tol 
T, ToT 


Ty ToT 
T, ToT 
T, Tal 


Ty ToT 


Address Data 
1st op-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
1stoperand d 
address 
—_ Z 
IX+d Data 
IY+d 
1st op-code st 
address op-code 
— Z 
HL g 
1st op-code st 
address op-code 
2nd op-code 2nd 
address op-code 
1stoperand d 
address 
— Z 
IX+d g 
IY +d 
1st op-code st 
address op-code 
1st operand m 
address 
HL Data 
1st op-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
1stoperand d 
address 
2nd operand m 
address 
IX+d Data 
IY+d 

@ HITACHI 


0 


1 


1 


0 


1 


HD648180W 


0 


1 


0 


873 








HD648180W 


Instruction 


LD A, (BC) 
LD A, (DE) 


LD A, (mn) 


LD (BC), A 
LD (DE), A 


LD (mn), A 


LDA, jNote 
LD A, RNote 
LDI,A 
LDR,A 


LD ww, mn 


Note: Interrutps are not detected at the end of the LD A, | or LD A, R instruction. 
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Machine 
Cycle 
MC, 
MC, 
MC, 
MC. 


MC, 


MC, 
MC, 


MC> 
MC 


MC, 
MC> 
MC; 


MC, 
MCs 
MC, 


MC, 
MC, 
MC, 


MC; 


States 
Ty ToT 


TyTaTg 
Ty TT 
Ty Tals 
T, ToT 


T,Tols 
T, ToT 


Ti 
T, ToT 


T, ToT 
Ty Tol 
T,Tols 


Ti 
Ty ToT 
Ty ToT 


T, ToT 
Ty Tol 
Ty Tol, 


T, ToT 


Address 


1st op-code 
address 


BC 
DE 


1st op-code 
address 


1st operand 
address 


2nd operand 
address 


mn 


1st op-code 
address 


BC 
DE 


1st op-code 
address 


1st operand 
address 


2nd op-code 
address 


mn 


1st op-code 
address 


2nd op-code 
address 


1st op-code 
address 


1st operand 
address 


2nd op-code 
address 


Data 


1st 
op-code 


Data 


1st 
op-code 


n 
m 


Data 


1st 
op-code 


Z 
A 


1st 
op-code 


n 
m 


Z. 
A 


1st 
op-code 


2nd 
op-code 


1st 
op-code 


n 


mM 
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Instruction 


LD IX, mn 
LD IY, mn 


LD HL, (mn) 


LD ww, (mn) 


LD IX, (mn) 
LD IY, (mn) 
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Machine 
Cycle 
MC, 
MC, 
MC, 
MC, 
MC, 
MC, 


MC, 


MC, 
MCs 
MC, 


MC> 


MC3 





MC, 


MCs 
MC, 
MC, 


MC> 
MC; 
MC, 


MC. 
MC, 





States 
T,ToTs3 


T, ToT 
T,Tols 
T,ToTs 
T, ToT, 
T, Tol 
T, ToT 


T, Tol 
T, Tol 
Ty ToT 


T,Tols 
T,Tols 
T,Tols 


T,ToT3 
T, ToT 
T, ToT 


T, ToT 
T, ToT 
Ty ToT 


Ty Tol 
T,Tols3 


Address Data 
1stop-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
1stoperand n 
address 
2nd operand m 
address 
1stop-code ist 
address op-code 
1st operand n 
address 
2nd operand m 
address 
mn Data 
mn +1 Data 
1stop-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
1stoperand n 
address 
2nd operand m 
address 
mn Data 
mn + 1 Data 
1stop-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
1st operand n 
address 
2nd operand m 
address 
mn Data 
mn +1 Data 
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Instruction 
LD (mn), HL 


LD (mn), ww 


LD (mn), IX 
LD (mn), IY 


876 


Machine 
Cycle 
MC, 
MC, 
MC, 


MC, 
MCs 
MC, 
MC, 


MC, 
MC3 
MC, 


MCs 
MC, 
MC, 
MC, 


MC, 
MC 
MC, 


MCs 
MC, 


MC7 


States 
T, Tol, 


T,TaTg 
qT; TT 


Ti 

T, ToT 
Ty ToT 
Ty TaT3 


T, ToT 
T, Tol 
T, ToT 


Ti 

T, ToT 
T, ToT 
T, Tols 


T, Tol 
T, ToT 
T, ToT 


Ti 
T, ToT 


T,Tols 


Address Data 
1st op-code ist 
address op-code 
1st operand n 
address 
2nd operand m 
address 
— Z 
mn L 
mn +1 H 
1stop-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
1stoperand n 
address 
2nd operand m 
address 
— Z 
mn wwL 
mn +1 wwH 
1st op-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
1st operand n 
address 
2nd operand m 
address 
— Z 
mn IXL 
YL 
mn + 1 [XH 
IYH 
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Instruction 
LD SP, HL 


LD SP, IX 
LD SP, IY 


LDI 
LDD 


LDIR 
LDDR 
(If BCR + 0) 


LDIR 
LDDR 
(If BCR = 0) 


MLT ww 
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Machine 
Cycle 


MC, 


MC» 
MC, 


MC, 


MC; 
MC, 


MC. 


MC; 
MC, 
MC, 


MC> 


MC; 
MC, 


MC, to 
MC, 


MC, 


MC, 


MC; 
MC, 
MC, 


MC> 


MC, to 
MC,3 


States 
T, ToT 


Ti 
T,TaT3 


T, Tol 


Ti 
Ty ToTs 


T, ToT 


T, Tol, 
Ty ToT 
T, ToT 


T, Tol 


T, ToT 
T,Tols 
Tinh 


T, ToT 
T, Tol 


T, Tol, 
Ty Tots 
T, ToTs 


Ty ToT 


THTTT 
TiTTiTh 
Tint 


Address Data 
1st op-code_ st 
address op-code 
— Z 
1stop-code st 
address op-code 
2nd op-code 2nd 
address op-code 
— Z 
1st op-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
HL Data 
DE Data 
1stop-code st 
address op-code 
2nd op-code 2nd 
address op-code 
HL Data 
DE Data 
— Z 
1st op-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
HL Data 
DE Data 
1st op-code st 
address op-code 
2nd op-code 2nd 
address op-code 
— Z 
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1 


0 
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Instruction 
NEG 


NOP 


OUT (m), A 


OUT (C), g 


OUTO (m), g 


878 


Machine 
Cycle 
MC, 
MCp 
MC, 

MC, 


MC, 


MCz 
MC, 


MC, 
MC» 


MC3 
MC, 
MC, 


MC> 
MC; 


MC, 
MC. 


States 
Ty Tol 


T, Tol, 
T, ToT 
T, ToT 
Ty TT 


Ti 
T,Tols 


TyToT 
T, ToT 


Ti 
T, ToT 
Ty ToT 


Ty ToT 
Ty Tol 


Ti 
T, ToT 


Address Data 
1stop-code st 
address op-code 
2nd op-code 2nd 
address op-code 
1stop-code ist 
address op-code 
1st op-code ist 
address op-code 
1st operand m 
address 
— Z 
mtoA,-A, A 
A to Ag—Aje 
1stop-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
— Z 
BC g 
1st op-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
1st operand m 
address 
— Z 
m to Ao-A7z 
OOH to 
Ag-A45 
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Machine Bey ee, a, ey aoe 
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST 
OTIM MC, T,ToT3 1stop-code ist Oo 1 Oo 1 Oo 1 0 
OTDM address op-code 
MC, T,ToT3  2ndop-code 2nd Oo 1 Oo 1 Oo 1 1 
address op-code 
MC, Ti — Z 1 1 1 1 1 1 1 
MC, T,Tol3 HL Data Oo 1 Oo 1 1 1 1 
MC- T, ToT C to Ao-Az Data 1 0 1 0 1 1 1 
OOH to 
Ag-Ais 
MC. Ti — Z 1 1 1 1 1 1 1 
OTIMR MC, T,ToT3 1stop-code ist Oo 1 0 1 oO 1 0 
OTDMR address op-code 
(If Br # 0) uc | een Se ne ae peer. ee ee Se ee a ee 
MC, T,ToT3  2ndop-code 2nd Oo 1 Oo 61 Oo 61 1 
address op-code 
MC, Ti — Z 1 1 1 1 1 1 1 
MC, T, ToT, HL Data 0 1 Oo 1 1 1 1 
MC- T, Tols3 C to Ao—Az Data 1 0 1 0 1 1 1 
OOH to 
Ag-Ai5 
MC, to = TitiTi — Z 1 1 1 1 1 1 1 
MC. 
OTIMR MC, T,ToT3  1stop-code 1st oO 1 0 1 Oo 1 ) 
OTDMR address op-code 
PeKee) MC, T,ToT,  2ndop-code 2nd 0 1 0 1 oO 1 1 
address op-code 
MC, Ti — Z 1 1 1 1 1 1 1 
MC, T,ToT3 HL Data Oo 1 Oo 1 1 1 1 
MC. T, ToT, C to Ao—A7 Data 1 0 1 0 1 1 1 
OOH to 
Ag-A5 
MC, to Ti — Z 1 1 1 1 1 1 1 
@ HITACHI 
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Instruction 


OUTI 
OUTD 


OTIR 
OTDR 
(If Br # 0) 


OTIR 
OTDR 
(If Br = 0) 


POP zz 


POP IX 
POP IY 


880 


Machine 
Cycle 


MC, 
MC. 


MC; 
MC, 
MC, 


MC, 


MC; 
MC, 


MC. to 
MC, 


MC, 
MCo 


MC; 
MC, 
MC, 


MC. 
MC; 
MC, 


MC, 


MC; 
MC, 


States 
Ty ToT 


Ty Tol 


T, ToT 
T, ToT 
T, ToT 


T,ToTs3 


Ty ToT 
T, ToT 
Tiki 


T, ToT, 
Ty ToT 


T, ToT 
T, ToT 
Ty Tals 


T, ToT 
T,ToTs 
Ty ToT 


Ty ToT 


T, ToT 
T, ToT, 


Address Data 
1stop-code 1st 
address op-code 
2nd op-code 2nd 
address op-code 
HL Data 
BC Data 
1st op-code 1st 
address op-code 
2nd op-code 2nd 
address op-code 
HL Data 
BC Data 
— Z 
1st op-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
HL Data 
BC Data 
1st op-code ist 
address op-code 
SP Data 
SP +1 Data 
1stop-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
SP Data 
SP + 1 Data 
© HITACHI 
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0 
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Machine Sy pee Seed Sone cee 
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST 
PUSH zz MC, T,ToT3 istop-code st Oo 1 0 1 oO. (1 0 
address op-code 
MC, to Titi — Z 1 1 1 1 1 1 1 
MC, 
MC, T,ToT3 SP-1 2ZH 1 1 1 1 1 
MC. T, ToT SP -1 zzL 1 1 1 
PUSH IX MC, T,ToT3 1stop-code ist 0 1 Oo. 61 0 
PUSH IY address op-code 
MC, T,ToTs 2ndop-code 2nd 0 1 Oo 1 oO. 1 1 
address op-code 
MC3 to Titi — Z 1 1 1 1 1 1 1 
MC, 
MC. T,ToT, SP-1 IXH 1 0 0 1 1 1 1 
IYH 
MC, T,ToT3 SP-2 IXL 1 0 oO 1 1 1 1 
IYL 
RET MC, T,TeTg istop-code 1st Oo 1 0 1 Oo 1 0 
address op-code 
MC, T,Tol3 SP Data 1 1 1 1 1 
MC. T, ToT, SP +2 Data 1 1 1 1 1 
RET f MC, T,;ToT3 1stop-code 1st 1 1 oOo 1 0 
(If condition address op-code 
le MC,to TT — Z tie 4 Ra 4 
MC, 
RET f MC, T,ToT3 %1stop-code st oO 1 0 1 0 1 0 
(If condition address op-code 
ee) MC, Ti as Z 1144 4 1 4 
MC3 T, ToT, SP Data 0 1 1 1 1 1 
MC, T, ToT SP + 1 Data 1 1 1 1 1 
© HITACHI 
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Instruction 
RETI (R1) 


RETN 


RETI (Z) 


RLCA 
RLA 
RRCA 
RRA 


RLC g 
RL g 

RRC g 
RRg 

SLAg 
SRA g 
SRL g 


Note: Upper value is LIR status when LIRE = 1. Lower value is LIR status when LIRE = 0. 


882 


Machine 
Cycle 
MC, 
MC, 


MC; 
MC, 
MC, 


MC> 
MC, to 
MC. 
MC, 


MC, 


MCg 


MC 


MC4o 
MC, 


MC, 
MC. 


MC; 


States 
T, ToT 


T, ToT 


T, ToT 
Ty ToT 
Ty Tol 


Ty ToTs 
THT 
Ty Tals 
Ti 


TTT 


T, ToT 


T, ToT 
Ty Tals 


Ty ToTl3 


Ty ToT 


Address 


1st op-code 


address 


2nd op-code 


address 
SP 
SP + 1 


1st op-code 


address 


2nd op-code 


address 


1st op-code 


address 


2nd op-code 


address 


SP 


SP + 1 


1st op-code 


address 


1st op-code 


address 


2nd op-code 


address 


Data 


1st 
op-code 


2nd 
op-code 


Data 
Data 


1st 
op-code 


2nd 
op-code 


Z 


1st 
op-code 


Z 


2nd 
op-code 


Data 


Data 


1st 
op-code 


1st 
op-code 


2nd 
op-code 


Z 


© HITACHI 
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Oo 1 
Oo 1 
1 1 
1 1 
ONote 
v2 
QNote 
1 1 
{Note 
1 1 
ONote 
oO 1 
{Note 
1 1 
ONote 
Oo. 61 
{Note 
1 1 
{Note 
1 1 
Oo 1 
Oo 1 
Oo 1 
1 1 


Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 





0 


Instruction 


RLC (HL) 
RL (HL) 

RRC (HL) 
RR (HL) 

SLA (HL) 
SRA (HL) 
SRL (HL) 


RLC (IX +d) 
RLC (IY +d) 
RL (IX +d) 
RL (IY +d) 
RRC (IX + d) 
RRC (IY + d) 
RR (IX + d) 
RR (IY + d) 
SLA (IX +d) 
SLA (IY +d) 
SRA 
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Machine 
Cycle 
MC, 
MC, 


MC; 
MC, 
MCs 
MC, 


MC, 
MC, 
MC, 


MC. 


MC, 
MC, 
MC, 
MC; 


MC, to 
MC, 


MC, 


States 
T, ToT 


T, ToTs 


T, ToT 
Ti 

T, ToT 
T,Tols 


T, ToT 
T, ToT 
T,ToTs 
Ty Tal 


Ti 
T,ToTs 


T, ToT 
T,ToT3 


T,Tols 
TMT 


T,ToT3 


Address Data 

1st op-code st 

address op-code 

2nd op-code 2nd 

address op-code 

HL Data 

— Z 

HL Data 

1st op-code ist 

address op-code 

2nd op-code 2nd 

address op-code 

1st operand d 

address 

3rd op-code 3rd 

address op-code 

IX+d Data 

IY+d 

— Z 

IX+d Data 

IY+d 

1stop-code 1st 

address op-code 

2nd op-code 2nd 

address op-code 

HL Data 

— Z 

HL Data 
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Instruction 
RST v 


SCF 


SET b, g 
RES b, g 


SET b, (HL) 
RES b, (HL) 


SET b, (IX +d) 
SET b, (IY +d) 
RES b, (IX + d) 
RES b, (IY + d) 


884 


Machine 
Cycle 


MC, 


MC, to 
MC, 


MC, 
MCs 
MC, 


MC, 
MC> 


MC; 
MC, 


MC, 


MC; 
MC, 
MCs 
MC, 


= 


Co 
MC, 
MC, 
MC; 


MC, 
MC, 


States 
Ty ToT 


TiTi 


T, Tals 
Ty ToTs3 
T, ToT 


Ty, ToT 
Ty ToT 


Ti 
Ty ToT 


Ty ToT 


Ty ToT 3 
Ti 

Ty TaT3 
TyTaT3 


T, Tol 
Ty Tals 
Ty TT 
T,ToT3 


Ti 
Ty Tal 


Address Data 
1stop-code ist 
address op-code 
— Z 
SP - 1 PCH 
SP -2 PCL 
1st op-code_ st 
address op-code 
1st op-code_ st 
address op-code 
2nd op-code 2nd 
address op-code 
— Z 
1stop-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
HL Data 
— Z 
HL Data 
1st op-code ist 
address op-code 
2nd op-code 2nd 
address op-code 
1stoperand d 
address 
3rd op-code 3rd 
address op-code 
IX+d Data 
IY+d 
— Z 
IX+d Data 
Y+d 
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Machine See oe ed, ee 
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST 
SLP MC, T, ToT, %1stop-code ist Oo 1 0 1 Oo. 61 0 
address op-code 
MC, T,ToT3 2ndop-code 2nd Oo 1 0 1 Oo 1 1 
address op-code 
_ — FFFFFH Z 1 1 0 
TSTIO m MC, T,;ToTg 1stop-code 1st Oo 1 Oo 1 0 0 
address op-code 
MC, T,T5T3  2ndop-code 2nd Oo 1 0 1 0. (1 1 
address op-code 
MC, T,ToT3 % stoperand m Oo 1 Oo 61 1 1 1 
address 
MC, T,T5Tz; CtoAg-A, Data Oo 1 1 1 1 1 1 
OOH to 
Ag-A5 
TST g MC, T,ToTg3 stop-code ist 0 1 0 1 Oo 1 0 
address op-code 
MC, T,ToT3 2ndop-code 2nd Oo 1 0 1 oO 1 1 
address op-code 
MC3 Ti — Z 1 1 1 1 1 1 1 
TST m MC, T,ToT3 1stop-code st 0. (1 0. (1 oO 1 0 
address op-code 
MC, T,ToT3 2ndop-code 2nd 0 61 Oo. 61 Oo 1 1 
address. op-code 
MC, T,ToT3 1 Istoperand m 1 14 1 1 : ee 1 
address 
TST (HL) MC, T,ToT3 %1stop-code 1st 0. (1 oO. (1 0. (1 0 
address op-code 
MC, T,T5T3  2ndop-code 2nd oO 1 Oo 1 0. 61 1 
address op-code 
MC; Ti — Z 1 1 1 1 1 1 1 
MC, T, ToT HL Data 0 1 0 1 1 1 1 
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Machine estat ees ea tg 
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST 
NMI MC, T,ToT3 Next op-code 01 0 1 0 1 0 
address (PC) 
MCoto TiTi — Z 14 4 4 1°41 1 
MC3 
MC, T,ToTg SP-1 PCH 1 1 1 1 1 
MCs T,ToT3 SP-2 PCL 1 1 1 1 1 
INTg modeO0 = MC, T;ToTw Next op-code ist 11 1 0 0 1 0 
(RST inserted) Twls address (PC) op-code 
MC, to Till — Z 1 1 1 1 1 1 1 
MC; 
MC, T,ToT, SP-1 PCH 1 1 1 1 1 
MC, T,ToTg, SP-2 PCL 1 1 1 1 1 
INT) modeO MC, T,ToTw Next op-code 1st 1 1 #1 «0 0 
(CALL inserted) Tw address (PC) op-code 
MC, T, ToT PC n 0 1 0 1 1 1 1 
MC. T, ToT PC +1 m 0 1 0 1 1 1 1 
MC, Ti — Z 1 1 1 1 1 1 1 
MC. T,ToT, SP-1 PC+2(H)1 0 O 1 1 1 1 
MC, T,ToT3 SP-2 PC+2(L)1 0 OO 1 1 1 1 
INTp mode 1 == MC, T,ToTy Next op-code 11 1 0 0 1 0 
Twls3 address (PC) 
MC, T,ToTg SP- 1 PCH 1 1 1 1 
MC, T,ToT3 SP+2 PCL 1 O 1 1 
INTj mode 2. ~—- MC, T,ToTw Nextop-code vector 1 0 
Twls address (PC) 
MC, Ti — Z 1 1 1 1 1 1 1 
MC, T,ToT,; SP-1 PCH 1 0 oO 1 1 1 1 
MC, T,ToT, SP-2 PCL 1 0 oO 1 1 1 1 
MC. T,ToTs ‘I, vector Data Oo 1 Oo 1 1 1 1 
MC, T, ToT, 1, vector+1 Data 0 1 oO 1 1 1 1 
© HITACHI 
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Machine ee eee 
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST 
INT,, MC, T,ToTw Next op-code 1 1 1 1 1 1 0 
INT>, Twl3 address (PC) 
internal 
interrupts MC» Ti — Z 1 1 1 1 1 1 1 
MC, T,ToF3 SP-1 PCH 1 0 0 1 1 1 1 
MC, T,ToT3 SP-2 PCL 10 0 1 1 #1 1 
MC, T,Tol3s |, vector Data Oo 1 Oo 1 1 1 1 
MC, T,ToTz (|, vector+1 Data 0 1 0 1 1 1 1 
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Acceptable Requests in Each Mode 


Normal Mode interrupt Bus 
Action (CPU Mode) Wait Refresh Acknowl- DMA Release 
Request (IOSTOP Mode) State Cycle edge Cycle Cycle Mode 
WAIT Accepted Accepted Not Accepted Accepted Not 
accepted accepted 
Refresh Refreshcycle Not Not Refresh Refresh Not 
request inserted at accepted accepted cycle cycle accepted 
(request machine cycle inserted at inserted at 
for break machine machine 
insertion cycle break cycle break 
of refresh 
cycle by 
on-chip 
refresh 
circuit) 
BREQ, DMAcycle Accepted, Accepted DMA cycle Accepted Accepted 
DREQ, __ inserted at but DMA * Follow- inserted at (Consult 
machine cycle cyclenot ing machine this completion 
break inserted completion cycle break manual of bus 
until of refresh for full release 
machine cycle, 1 details.) cycle, 1 
cycle machine machine 
break cycle is cycle is 
executed executed 
and then and then 
DMA cycle DMA cycle 
is inserted. is inserted. 
BUSREQ Bus Not Not Bus Bus Bus 
release accepted accepted release release _—release 
mode entered mode mode mode 
at machine entered at entered at continues 
cycle break machine machine 


Current Status 


cycle break cycle break 


Note: * Not accepted when DREQ, and DREQ, are set for level detection. 


888 
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Sleep Standby 
Mode Mode 
Not Not 
accepted accepted 
Not Not 


accepted accepted 


Not Not 


* Following accepted accepted 


Accepted Accepted 
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Normal Mode 


Action (CPU Mode) Wait 
Request (IOSTOP Mode) State 
a No siete in Accepted 
= INT,, finalmachine __ in final 
INT, cycle of machine 
— instruction cycle of 
instruction 
Inter- Accepted in Accepted 
nal I/O final machine __ in final 
inter- _ cycle of machine 
rupt —_ instruction cycle of 
request instruction 
NMI = Accepted in Accepted 
final machine __ in final 
cycle of machine 
instruction cycle of 
instruction 
Note: 


Refresh 
Cycle 


Not 
accepted 


Not 
accepted 


Not 
accepted 


interrupt 
Acknowl- 
edge Cycle 


Not 
accepted 


Not 
accepted 


Not 

accepted 

**Accepted 
in final 
machine 
cycle of 
instruction 
following 
completion 
of acknowl- 
edge cycle. 


execution of the instruction placed on the bus. 
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Current Status 


DMA 
Cycle 


Not 
accepted 


Not 
accepted 


Accepted, 
DMA 
suspend- 
ed 


Bus 
Release 
Mode 


Not 
accepted 


Not 
accepted 


Not 
accepted 





HD648180W 


Sleep 
Mode 


Accepted, 
sleep 
mode 
exited 
and 
normal 
Status 
recovered 


Accepted, 
sleep 
mode 
exited 
and 
normal 
status 
recovered 


Accepted, 
sleep 
mode 
exited 
and 
normal 
status 
recovered 





Standby 
Mode 


Not 
accepted 


Not 
accepted 


Accepted, 
standby 
mode 
exited 
and 
normal 
status 
recovered. 
Note 

that 
lOSTOP 
bit 
remains 
set to 1. 





** Accepted when INT) is being used in mode 0. The NMI acknowledge cycle begins following 
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Mi Request Priority Sequence 


Three types of requests can be input to the CPU. 
1. Requests that can be accepted and executed at the end of a state (WAIT) 


2. Requests that can be accepted and executed at the end of a machine cycle (refresh requests, 
DMA requests, BUSREQ) 


3. Requests that can be accepted and executed at the end of an instruction (all interrupts) 
Basically, the priority sequence gives 1 the highest priority, and 3 the lowest. 


Within group 2 above, the descending priority sequence is: 


BUSREQ 


Refresh request 
DMA request 


If a BUSREQ and refresh request are input simultaneously, the BUSREQ is given priority. 


For the priority sequence of the interrupts in group 3 above, see the section of this manual 
that details interrupt operations. 


4, Among requests that are accepted and executed in the final machine cycle of an instruction, 
the descending priority sequence is: 


Bus requests (BUSREQ, refresh request, DMA request) 


Interrupt 


@ HITACHI 
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W@ Mode Transitions 














RESET =0 HALT instruction 
a TS 
RESET = 1 Interrupt 
SLP 
RESET =0 instruction 
PS! eet instruction 
RESET =0 | when 
IOSTOP = 1 
RESET =0 


Interrupt 


STBY =0 Sleep 


Pe ie . 


standby 





DMA request 2 














MOTTE de 
RESET = 1 


Refresh end 


RESET = 0 request 


BUSREQ =0 Refresh 
nd 


e 
‘ee =0/ BUSREQ =1 


Gyeee es RUSREO - Refresh 
RESET =0 ua abe | request 
RESET =0 efresh 
end 













‘_.” 96” BUSREO = 1 
1\y 

Bus *- 

release 






Hardware 


standby /srBy 0 Refresh 





Notes: 1. Normal: Normal CPU instruction execution mode 
2. DMA request: DREQ, or DREQ, = 0 (for memory <— (memory-mapped) I/O 
transfers) 
DEO = 1 (for Memory ~ Memory transfers) 
3. DMA end: DREQ, or DREQ, = 1 (for memory <— (memory-mapped) I/O transfers) 
BCRO and BCR1 = OOOOH (for all transfer modes) 
NMI = 0 (for all transfer modes) 
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In addition to the above, the following mode transitions are also possible. 
1. From halt to DMA, refresh, or bus release, and vice versa. 


2. From sleep to bus release, and vice versa. 
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M@ Status Signal List 


The following list shows the status signal output for each mode. 


Address Data 





Mode LIR ME IOE RD WR REF HALT BUSACK ST Bus Bus 
CPU 1stop code 0 0 1 0 1 1 1 1 0 A In 
operation fetch 
Other op 0 0 1 0 1 1 1 1 1 A In 
code fetch 
Memory 1 0 1 0 1 1 1 1 1 A In 
read 
Memory 1 Oo 61 1 O 1 1 1 1 A Out 
write 
/O read 1 1 0 0 1 1 1 1 1 A In 
I/O write 1 1 0 1 O 1 1 | 1 A Out 
Internal 1 1 1 1 1 1 A In 
operation 
Refresh 1 Oo 1 1 1 0 1 1 * A In 
Interrupt NMI 0 01 01 1 1 1 Oo A In 
acknowl- 7=— 
edge (1st ua 0 1 0 1 1 1 1 1 0 A In 
machine INT,, INT>, 1 1 1 1 1 1 1 1 0 A In 
cycle) and 
internal 
interrupts 
Bus release 1 Z 2Z ZZ 1 1 0 * 2 In 
Halt 0 0 1 0 1 1 0 1 0 A In 
Sleep 1 1 1 1 1 1 0 1 1 1 In 
Internal Memory 1 oO 1 Oo 1 1 = 1 0 6A In 
DMA read 
Memory 1 oO 1 1 O 1 * 1 0 A Out 
write 
I/O read 1 1 0 0 1 1 + 1 0 6U6UA In 
1/O write 1 1 0 1 O 1 1 1 0 A Out 
Reset 1 1 1 1 1 1 1 1 1 1 Z In 


1 = high level; 0 = low level; * = undefined; A = any value; Z = high impedance; IN = input; OUT = 
output 
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@ Internal I/O Register Reference 


The upper 8 bits of the I/O register address are all 0. The most significant bit of the lower 8 bits 
can be set using the IOA7 bit of the IO control register. The table below shows the addresses 
when IOA7 = 0. 


[Register [Address [Remarks 


DMA source address 
register 
channel 0 L: SAROL 


DMA source address 


register 

channel 0 H: SAROH 

DMA source address Only bits 0, 1, 2, and 3 are used 

register | 

channel 0 B: SAROB Aig, Aig, A17, Aig DMA Transfer Request 
x x 0 O DREQg, (external) 
x x 0 1 Not used 
x x 1 0 Not used 
x x 1 1 Not used 

DMA destination 

address register 

channel 0 L: DAROL 

DMA destination 

address register 

channel 0 H: DAROH 

DMA destination Only bits 0, 1, 2, and 3 are used 

address register 

channel 0 B: DAROB Aj9, Aig, A147; Aig DMA Transfer Request 
x x 0 0  DREQ, (external) 
x x 0 1 Not used 
x x 1 0 Not used 
x x 1 1 Not used 


DMA byte count register| 26 
channel 0 L: BCROL 


DMA byte count register| 27 
channel 0 H: BCROH 
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DMA memory address | 28 
register 
channel 1 L: MARIiL 


DMA memory address 
register 
channel 1 H: MAR1H 


DMA memory address 
register 
channel 1 B: MAR1B 


DMA I/O address 


register 
channel 1L: IAR1L 


DMA I/O address 
register 
channel 1H: IAR1H 


DMA byte count register) 2E 
channel 1 L: BCR1L 


DMA byte count register| 2F 
channel 1 H: BCR1H 


DMA status 
register: DSTAT 







29 
















2A Only bits 0, 1, 2, and 3 are used 





2B 


2C 






3 @) Bit 7 6 5 4 3 2 1 0 
[pei [peo | Owei | Owes] oe: | deo | — | one | 
inital value 0 0 1 1 0 0 1 0 


Read/Write R/W R/W W Ww RW RW R 











DMA mode 
register: DMODE 


3 | Bit 7 6 5 4 3 2 1 0 

| — | — | om | pm | smi | smo | mmo] — | 
Initial value 1 a] 0 0 0 0 0 1 
Read/Wnte — —_— R/AW R/AW R/W RAW R/AW — 








DMA/WAIT control 
register: DCONTL 


32 Bit 


7 6 5 4 3 2 1 0 
be ne Os veo: ci [ON 
1 1 1 0 0 0 


Read/Write R/W RW RAW RAW R/W RAW R/W R/W 


Inital value 





Interrupt vector low 33 Bit 


7 § 
register: IL 7 | tle | 15 
Initial value 0 0 0 


Read/Wnte R/W R/W RAW 


Arbitrary values 
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Register Remarks 





Bit 


INT/TRAP control 
register: ITC 





initial value 
Read/Write 






Refresh control Bit 


register: RCR 


initial value 
Read/Write 





Bit 





MMU common base 
register: CBR 





Inital value 
Read/Write 






Bit 






MMU bank base 
register: BBR 


Initial value 
Read/Write 








Bit 


MMU common/bank 
area register: CBAR 





Inital value 
Read/Write 









Operating mode control Bait 


register: OMCR 


Initial value 
Read/Write 






1/O control Bit 


register: IOCR 


Initial value 
Read/Wnte 





















7 6 5 4 3 2 1 0 
[rea [uo [— | — | — [mes | wer | reo | 
0 0 1 1 1 0 0 1 














RAW R — —_ — R/wW R/wW R/AW 
7 6 5 4 3 2 1 0 
[rere [rerw] — | — | - [| — [ever [eco 
1 1 1 1 1 1 0 0 
F/YW RW _ —_ _ _ R/W RYW 
7 6 5 4 3 2 1 0 
0 0 0 0 0 0 0 0 


Rw RW RW RW RW RW OR RW 













7 6 5 4 3 2 1 0 
0 0 0 0 0 0 0 0 


Rw RW RW RW RW RW RW RW 








7 6 5 4 3 2 1 0 
eas [ene [ea [cao [ams [one | oar | a | 
1 1 1 1 0 0 0 0 


R/W RW RAW RAW RW R/W RW R/W 











7 6 S 4 3 2 1 0 
ae | OTe | 0 fe) ee 
1 1 1 1 1 1 1 1 


R/W Ww R/W — _ _ — ie 











7 6 5 4 3 2 1 0 
Oe = ogee eae ee 
0 1 0 1 1 1 1 1 


R/W — R/W _ — _— on vols 
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Register 


Free-running 
counter H: FRCH 


Free-running 
counter L: FRCL 


Timer control/status 
register 1: TCSR1 


Output compare 
register 1H: OCR1H 


Output compare 
register 1L: OCRIL 


Input capture 
register H: ICRHNote 


Input capture 
register L: ICRLNote 


Bit 


Intial value 
Read/Write 


Bit 


Initial value 
Read/Write 


Bit 


Initial value 
Read/Write 


Bit 


Initial value 
Read/Write 


Bit 


Initial value 
Read/Write 


Bit 


inital value 
Read/Wnite 


Bit 


inital value 
Read/Wnte 


7 6 5 4 3 2 1 0 
Fact 
0 0 0 0 0 0 0 0 


Rw RW RW RW RWW RW RW 


RW 


7 6 5 4 3 2 1 0 
[ener | Free | Facs | Frca | Face | Frce [ Frei | FRCO_ 
0 0 0 0 0 0 0 0 


Rw RW RW RW RW RW 


RW 


RW 


7 6 5 4 3 2 1 0 
ier [ocr [tor [ect [ e0er [ ror | oe [ow | 
0 0 0 0 0 0 0 0 


Rw RW RW RW RW 


R 


R 


R 


7 6 5 4 3 2 1 0 
[oenis | OcRra] ocria [ocnia [ocnis [orto] che [cna 
1 1 1 1 1 1 1 1 


RW RW RW RW RW RW 


RW 


R/W 


7 6 5 4 3 2 1 0 
[ocre [ ocns | ocas [ acre [oore [cone [ocr [ocr 
1 1 1 1 1 1 1 1 


RW RW RW RW RW RW 


R/W 


R/iW 


7 6 5 4 3 2 1 0 
* e * * * e * * 


R 


R 


R 


R 


R 


R 


R 


R 
* Undefined 


7 6 5 4 3 2 1 0 
er 
e e e o e e * * 


R 


Note: ICRH and ICRL are not initialized by reset. 
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R 


R 


R 


R 


R 
* Undefined 
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Register Remarks 


Transmit/receive 
control/status register 
A0: TRCSRAO 


Transmit/receive 
control/status register 
B 0: TRCSRBO 


Rate/mode control 
register 0: RMCRO 


Receive data 
register 0: RDRO 


Transmit data 
register 0: TDRO 


Serial port control 
register: SCIPCR 


A/D control 
register: ADCR 


A/D control/status 
register: ADCSR 


898 


Bit 


Initial value 
Read/Write 


Bit 


Inital value 
Read/Write 


Bit 


Initial value 
ReadMrite 


Bit 


Initial value 
Read/Write 


Bit 


Initial value 
Read/Write 


Bit 


Initial value 
Read/Write 


7 6 5 4 3 2 1 0 
[Aowro[ Onreo] Torco] eo [ aco [ eo [Teo [ wo | 
0 0 1 0 0 0 0 0 


R R R RAW R/W RAW RAW R/W 


7 6 5 4 3 2 1 0 
[morro | onrco] Torco] pero | — | eno | coro | cava | 
0 0 1 0 1 0 0 0 


R R R R _ R/W R/W R/W 


7 6 5 4 3 2 1 0 
[= [= soe | cove [coo | coee | ss0r | S00 | 
1 1 0 0 0 0 0 0 


RW R/YW RW R/W R/wW R/W 


7 6 5 4 3 2 1 0 
scketa SOUTwo| sine [Scan [BCLs [SOUTHA] Si | SOM 
0 0 0 0 0 0 0 0 


FYW RW R/W R/W R/W R/W RAW R/W 


7 6 5 4 3 2 1 0 
fae ee Se ae ee 
1 1 1 0 

mus = — —_ — — RAW R/W 


7 6 5 4 3 2 1 0 
[aber [aos [eave] ove [ent [| ono | nest | Acs | 
0 0 0 0 0 0 0 0 


R RAW R/W R/W R/W RW R/W R/W 
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Remarks 


A/D result register: Bart 4 


ADRR 


Intial value rs e Ps ° * e ° . 
Read/Wnte R R R R R R R R 
¢ Undefined 


Transmit/receive Bit 


control/status register 


7 6 5 4 3 2 1 0 
[ronet [ores] rorei| ier [rer [ vet | ter | wut | 
A1: TRCSRA1 Inttial value 0 0 1 0 0 0 0 0 


Read/Write R R R RW R/W RW RW RAW 


Transmit/receive Bit 


control/status register 


7 6 5 4 3 2 1 0 
[Roni [ores] Tones] Peri | — | Peni | oP | sau | 

Intial value 0 0 1 0 1 0 0 0 
B1: TRCSRB1 


Read/Write R R R R _— R/W RAW RAV 


Bit 


Rate/mode control 
register 1: RMCR1 


7 6 5 4 3 2 1 0 
= | = | ssi | core | cor | cto | ssi | sto | 
Initial value 1 1 0 0 0 0 0 ; 


Read/Write _ _ RWW RW R/W R/W RW R/W 


Receive data 
register 1: RDR1 


Transmit data 
register 1: TDR1 





Timer 2 up-counter Bit 7 6 5 4 3 2 1 0 
| 
H ; T20NTH Inttial value 0 0 0 0 0 0 0 0 


Read/Write R/W RW R/W R/W R/AW RW R/wW R/AW 


Timer 2 up-counter is 


L: T2CNTL 


7 6 5 4 3 2 1 0 
0 0 0 0 i¢) 0 0 0 


ReadMrite RAW RW RW R/W R/W R/W R/W R/W 


initial value 





© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 e (415) 589-8300 899 





HD648180W 





Register Remarks 
Bit 


Timer 2 time constant 
register H: T2ZCONRH 


Timer 2 time constant 
register L: T2ZCONRL 


Timer control/status 
register 2: TCSR2 


Timer 3 up-counter 
H: T3CNTH 


Timer 3 up-counter 
L: T3CNTL 


Timer 3 time constant 
register H: T3CONRH 


Timer 3 time constant 
register L: TSCONRL 


Timer control/status 
register 3: TCSR3 


900 


initial value 
Read/Write 


Bit 


intial value 
Read/Wnte 


Bit 


initial value 
Read/Write 


Bit 


Initial value 
Read/Write 


Bit 


Initial value 
Read/Wnite 


Bit 


Inital value 
Read/Wiite 


Bit 


Initial value 
Read/Write 


Bit 


Initial value 
Read/Write 





7 6 5 4 3 2 1 0 
1 1 1 1 1 1 1 1 


Ww Ww Ww Ww Ww WwW Ww Ww 


7 6 5 4 3 2 1 0 
1 1 1 1 1 1 1 1 


Ww Ww Ww Ww Ww Ww Ww Ww 


7 6 5 4 3 2 1 0 
0 0 1 1 0 0 0 0 


R/W R/W — — R/W FYW RW RW 


7 6 5 4 3 2 1 0 


0 0 0 0 0 0 0 0 
RAW R/wW RW RWW R/W R/W Rw RAW 


7 6 5 4 3 2 1 0 
0 0 0 0 0 0 0 0 


R/W R/W R/W R/W R/W RAW RW R/wW 


7 6 5 4 3 2 1 0 
1 1 1 1 1 1 1 1 


Ww Ww Ww Ww Ww Ww Ww Ww 


7 6 5 4 3 2 1 0 | 
1 1 1 1 1 1 1 1 


Ww Ww Ww Ww Ww Ww Ww Ww 


7 6 5 4 3 2 1 0 
[ews [ecw] — [| — [v20si [room [ — [ — 
0 0 1 1 0 0 1 1 


R/W R/iW _ _ R/W R/W _ _ 
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Remarks 


Timer 4 up-counter 
H: T4CNTH 


Timer 4 up-counter 
L: T4CNTL 


Timer 4 time constant 
register H: T4CONRH 


Timer 4 time constant 
register L: T4CONRL 


Timer control/status 
register 4: TCSR4 


Output data 
register 0: ODRO 


Output data 
register 1: ODR1 


Output data 
register 2: ODR2 


Bit 


Initial value 
Read/Write 


Bit 


intial value 
Read/Wnte 


Bit 


Inital value 
Read/Wnte 


Bit 


Initial value 
Read/Write 


Bit 


inital value 
Read/Write 


Bit 


Intial value 
Read/Wnte 


Bit 


inital value 
ReadWrte 


Bit 


initial value 
Read/Wnte 


7 6 5 4 3 2 1 0 
0 0 0 0 0 0 0 0 


RW RW RW RW RW RWW UO RW RW 


7 
T4C7 
0 


6 
T4C6 
0 


5 
T4Cs 
0 


4 
T4C4 
0 


3 
T4C3 
0 


2 
T4C2 
0 


1 
T4C1 
0 


0 
T4C0 
0 


AW CR OR CORO ORseaRW CRW 


7 


6 


T4CN15 T4CN12|T4CN11|T4CN10| TACNO 


1 
WwW 


1 
Ww 


5 


1 
Ww 


4 


1 
WwW 


3 


1 
WwW 


2 


1 
Ww 


1 


1 
Ww 


0 
[racne [aon 
1 


Ww 


7 6 5 4 3 2 1 0 
1 1 1 1 1 1 1 1 


Ww 


7 
0 


R/W 


Ww 


6 
Q 


RAW 


Ww 


Ww 


Ww 


S) 4 3 
ee ea 
1 1 0 


RW RW RW RAW 


Ww 


2 
0 


Ww 


1 
0 


WwW 


0 
0 


7 6 5 4 3 2 1 0 
0 0 0 0 0 0 0 0 


R/V RW R/W RW R/W R/W RAW R/W 
Note Reading obtains input port values 


7 6 5 4 3 2 1 0 
[opRi; [Gone | obR¥s [oRE. [ORK [ODRie [GoRT, [ORI 
0 0 0 0 0 0 0 0 


RW 


RAW 


R/AWV 


RAV 


R/W 


RAN 


RAW 


R/W 


Note Reading obtains input port values 


7 6 5 4 3 2 1 0 

— [ora [opres [o0R2, [OORe, [ODRe: | OORe, [ODA 
1 0 0 0 0 0 0 0 
RAW R/W RAW R/W R/AW RW R/W 
Note Reading obtains input port values 
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902 


Output data 
register 3: ODR3 


Port 4: PORT4 


Port 0 data direction 
register: DDRO 


Port 1 data direction 
register: DDR? 


Port 2 data direction 
register: DDR2 


Port 3 data direction 
register: DDR3 


I/O port control 
register 1: IOPCR1 


I/O port control 
register 2: IOPCR2 


Bit 


Inttial value 
Read/Wnte 


Bit 


Initial value 
Read/Wnte 


Bit 


Initial value 
Read/Wnte 


Bit 


Initial value 
Read/Write 


Bit 


Initial value 
Read/Wnte 


Bit 


Initial value 
Read/Wnte 


Bit 


Initial value 
Read/Write 


0 
RAW 


7 
0 


Ww 


7 
0 


Ww 


7 
7 
0 
Ww 
7 


cae Bre; [Doras | 
roar | 


Ec 
4 
[opr [obras 
0 


4 
0 
4 


7 6 5 4 3 2 1 0 
[oor@; [ebRes [OOR@; [GoRea [ GORE, [oOR@: | DRS; [ GORA. 
0 0 0 0 0 


0 0 
R/W RW R/W R/W RW R/W RAW 
Note Reading obtains input port values 


6 5 4 3 2 1 0 
0 0 0 0 0 0 0 


Ww Ww Ww Ww Ww Ww Ww 


6 § 4 3 2 1 0 
[Boris | bonis [ bon’. [ObR%s | BoRYs | DORN, [DORs 
0 0 0 0 0 0 0 


Ww Ww Ww Ww Ww Ww Ww 


0 


Ww Ww Ww Ww Ww 


0 
0 


| DDRe | 
Ww 

| DDR | 
Ww 


Ww Ww Ww Ww 


5 3 1 0 
0 0 0 

5 3 1 0 
0 0 

Ww Ww 

5 3 1 0 


6 
6 
0 
6 


DREGeE|TENoee] Pest | BUSE [AouTE [TouTsE] Sox g [seme 


0 
RAW 


2 
0 
2 
0 
2 
0 


0 0 0 0 0 0 
R/W R/W RAW RAW R/W RAW RW 


7 6 5 4 3 2 1 0 
|__| Parcs | PazCo | Inte | INToe | Paact | Paaco | 
1 0 0 0 0 0 0 0 | 


Rw RW Re CO RWUURRWN CRW OR 
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EEPROM control 70 7 7 6 5 4 3 2 1 0 
register 1: EEC1 












Initial value 
Read/Wnte R R/iW RAW 

















Bit 


EEPROM control 
register 2: EEC2 






Initial value 
Read/Wnte 


7 6 5 4 3 2 1 0 
eee ae ee ee 
1 1 1 1 1 
Ww _ ron fies hake oe oon mee 





Bit 










Memory relocate 
register: MRR 







7 6 5 4 3 2 1 0 
eis |G snes eee [eee ee | et ee 
0 0 


RW R/W RAW RAW FW RAV RW R/W 


Initial value 
Read/Wnte 











System control = 


register: SYSCR 








Initial value 
Read/Wnte A/W 


7 6 5 4 3 2 { 0 
pRame | — | — | — [steve | cxce | cKcr | cKco | 
0 1 1 1 0 0 0 0 


PW RAW R/W FW 
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HD68000 16-Bit 
Microprocessor Family 
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HD68000/HD68HCO0O0 
MIP U (Micro Processing Unit) 


— HD68000 — 

The HD68000 is the first in a family of advanced micropro- 
cessors from Hitachi. Utilizing VLSI technology, the HD68000 
is a fully-implemented 16-bit microprocessor with 32-bit 
registers, a rich basic instruction set, and versatile addressing 
modes. 

The HD68000 possesses an asynchronous bus structure with 
a 24-bit address bus and a 16-bit data bus. 


FEATURES 

32-Bit Data and Address Registers 

16 Megabyte Direct Addressing Range 
56 Powerful Instruction Types 
Operations of Five Main Data Types 
Memory Mapped 1/0 

14 Addressing Modes 


— HD68HC000 — 

The HD68HC000 is a 16-bit microprocessor of HD68000 
family, which is exactly compatible with the conventional 
HD68000. 

The HD68HC000 is a complete CMOS device and the power 
dissipation is extremely low. 


FEATURES 

@ Instruction Compatible with NMOS HD68000 

®@ Pin Compatible with NMYOS HD68000 

®@ AC Timing Compatible with NMOS HD68000 

® Low Power Dissipation (Icc typ = 20 mA, Icc max =35 mA 
at f = 12.5 MHz) 





HD68000-8, HD68000-10, HD68000-12 
HD68HC000-8, HD68HC000-10, HD68HC000-12 


: Aa a tt 
ae a 
See ; 


HD68000Y-8, HD68000Y-10, HD68000Y-12 
HD68HCOOOY-8, HD68HCOO0Y-10, HD68HCOO0Y-12 


(PGA-68) 


HD68000P-8 
HD68HCOOOP-8, HD68HCOOOP-10, HD68HCOOOP-12 


HD68000PS-8 
HD68HCOOOPS-8, HD68HCOO0PS-10, HD68HCOOOPS-12 


(DP-64S) 


HD68000CP-8 
HD68HCOO0CP-8, HD68HCO00CP-10, HD68HCOO0CP-12 





(CP-68) 
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HD68000/HD68HCO000 


= TYPE OF PRODUCTS 


Clock Frequency | 
Type No. | (MHz) ’ Package 





HD68000-8 

HD68000-10 aids 

HD68000-12 

HD68000Y8 

HD68000Y-10 BGP Oe 
HD68000Y-12 

HD68000R8 DP-64 

HD68000PS8 DP-64S 
HD68000CR8 CP-68 


re) oC rs) = ~) 
Sik ee e | o 
2) re) : re) 
re's] a b 24 rSS 


HD68HCO000-8 
HD68HCO000-10 
HD68HCO00- 12 
HD68HCO00¥8 
HD68HCOO0Y-10 
HD68HCO00Y-12 
HD68HCOOORS 
HD68HCOOOP-10 CMOS 
HD68HCOOOR12 
HD68HCOO0PS8 
HD68HCOO0PS10 
HD68HCOOO0PS1 2 | 
HD68HCOOOCRS 
HD68HCOO0CR10 
HD68HCOO0CRi2 


(Note) HD68000 refers to the NMOS version 68000, and HD68HCO000 
refers to the CMOS version 68000. 68000 stands for NMOS and 
CMOS version. 
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HD62000/HD68HC000 


® PIN ARRANGEMENT 
® DC-64, DP-64, DP-64S @ PGA-68 


64] Ds 

631 De 

621D7 

611Ds 

6O}Do 

59 Dio 
SaDi1 
57D12 
56Di3 
551014 
54) Dis 
53] Vss 
6 2} A23 
SJ A22 
50) A21 
49) Vcc 
48] A20 
47|Ai9 
46) Ars 
45) Ai7 
44) Are 
43 Ais 
425 A14 
41} Ai3 
40} Ar2 
39] A114 
38] Aro 
37] Ag 

36} Ag @ CP-68 
35] Az 
34} Ac 
33] As 


OOOO) 


wo» ww WH = 


IQOTO 


©) 
Oe) 


© 


6) 
(0) (6) S 


IOLCIQNOIOIOK 
g Beis SOO) 


Or 


©OOOOO 


(Top View) (Bottom View) 


oO 
4 
; ] 
x 
‘ aff 
al 
” 


a 
oO 


EL 


| e| 1< 

S: 8 

a{=|a|n|s/lal=la/s/lsjsls| lal 
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® ABSOLUTE MAXIMUM RATINGS 












| | HD68000 HD68HC000 
Symbol 
Supply Voltage —0.3 ~ +7.0 —0.3 ~ +6.5 
| 






Input Voltage ~—0.3 ~ +7.0 —0.3 ~ +6.5 
Operating Tepes Rane 
Storage Temperature Tstg —55 ~ +150 —55 ~ +150 


“With respect to Vgg (SYSTEM GND) 











(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normai operation should be under recommended operating conditions. 
If these conditions are exceeded, it could affect reliability of LSI. 


Since the HD68HCOO0 is a C-MOS device, users are expected to be cautious on “latch-up” problem caused by voltage fracturations. 


= RECOMMENDED OPERATING CONDITIONS 


Input Voltage Other Inputs 


All Inputs 





Operating Temperature 
* With respect to Vgg (SYSTEM GND) 
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@® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Voc = BV + 5%, Veg = OV, Ta = 0 ~ +70°C, Fig. 1, unless otherwise noted.) 


ilk 


ee 8° [Other Inputs _ cof 20 | Veo _| 
aut "Lan Vale Lan a TD 
; K A 


os os ae 
as | - | 28 7 25 
IPLo ~~ IPL, , WPA, CLK a @ 5.25V Sc 


| = | 20, 


AS, Ai~ Aa3, Do ~ Dis, 
Three-State (Off State) FC) ~ FC;, CDS, R/W, UDS, | Irs, @ 2.4V/0.4V LA 
Input Current UMA 
VMA 
AS, A; ~ Aza, BG, Do ~ Dis, 
= . Vec-075 V 

























ry 












Input Leakage Current 











Output “High” Voltage] FC) ~ FC,, LDS, R/W, UDS, 


VMA, E 










HALT 





A, ~A33, BG, FCy oe FC, 


Do ore Dis, LDS, R/W, E, 
Ss, VM 







Output ‘‘Low” Voltage 


a 








A 












CERAMIC PACKAGE 


PLASTIC PACKAGE Veco = 5V 
Ta=25°C 


Capacitance (Package Type Dependent) 









Power Dissipation 








Current Dissipation 








a 
ao, oa 


*With external pull up resistor of 1.1 kQ. 
**Without load. 


+5 V 
+5V +5V 
182074 OR* = 7402 
or 
9102 29k a Equivalent 
RES HALT 
Cc 
: 1$2074 (H) 
or 


Equivalent 


Z 70pF hi 


Cy. = 130 pF (Includes all Parasitics) 

R_ =60k2 for AS, A, ~A,,,BG, D, ~D,,, E, 
FC, ~FC,, LDS, R/W, UDS, VMA 

"R= 122k for A, ~A,,, BG, FC, ~FC, 


— 


Figure 1 Test Loads 
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@ AC CHARACTERISTICS (Voc = 5V + 5%, Vgg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 
CLOCK TIMING 


Frequency of Operation 










a 
Cc 
=) 
= 


Cycle Time teye 











| ter | Fig. 2 
| tow 


teL 
Clock Pulse Width 
tcH 
tcr 
f 


Cc 
Cc 

Rise and Fall Times ter | 
tc 


oe oo 
E 
or 





teyc 


‘ci tCH 


2 OV 


o.8v 


ter tct 


(NOTE) 


Timing measurements are referenced to and from a low voltage of 0.8 voit and high a voltage of 2.0 volts, unless otherwise noted. 


The voltage swing through this range should start outside and pass through the range such that the rise or fal! will be linear between 0.8 volt and 


2.0 volts. 


Figure 2 Clock Input Timing 
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READ AND WRITE CYCLES 


Tet | OMHz | 10MHz | 125 MHz. 

[wm | tom | ie et a le 

[1 [eck Period ——SSSS~*dCe | ~~ 128] 280] 100] 260] 80 | 280 
| 2 | Clock Width Low tC | 66 | 126 | 46 | 126) 36 | 125] ns 
| 3 | Clock Width High tc 
| 4 | Clock Fall Time tt 
| 8 | Clock RiseTime tr 
[6 | Clock Low to Adres Valid ———*dtteuay 
[eA | Cock Highto FCVeid_————_—* tone 

7 Clock High to Address, Data Bus 
|” | SMe mpemre osarum | tonasz 
tCHAF! 

Clock High to AS, DS Low 


Address Valid to AS, DS Low (Read)/ 
AS Low (Write) tAVSL 


FC Valid to AS, DS Low (Read)/ 
AS Low (Write) 


lock Low to AS, DS High 

, DS High to Address/FC Invalid 
_ DS Width Low (Read)/AS Low (Write) ts 
Width Low (Write) 
S, DS Width High 
lock High to Control Bus High Impedance tcnHcz 
172 | AS, OS High to R/W High (Read) 

lock High to R/W High 

lock High to R/W Low (Write) 

AS Low to R/W Valid (Write) 

Address Valid to R/W Low (Write) 

FC Valid to R/W Low (Write) 

R/W Low to DS Low (Write) 

lock Low to Data Out Valid (Write) 

AS, DS High to Data Out Invalid (Write) 
Data Out Valid to DS Low (Write) 

Data In to Clock Low (Setup Time on Read) 
AS, DS High to DTACK High 


AS, DS High to Data In Invalid 
(Hold Time on Read) 
AS, DS High to BERR High 
TACK Low to Data In (Setup Time) tpaLo! 
HALT and RESET Input Transition Time 
lock High to BG Low 


lock High to BG High 
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READ AND WRITE CYCLES (CONTINUED) 


er Symbol | conition win] max | in| max [min] max | 2 
[367 | BR High 10°86 Hin fonwox) | 15 | $38 15) Sas] 18) 3 [oka 
meee aoe 0 7 
1.5 


: 1.5 1.5 
TGALBRH. Clocks Clocks Clocks 





37A° | BGACK Low to BR High 


BG Low to Control, Address, Data Bus 
High Impedance (AS High) 
BG Width High 
lock Low to VMA Low 
lock Low to E Transition 
Output Rise and Fall Time 


a 


o 
m 
o 
am 
> 
- 
~ 
oS 


N 


~ ~ ? 


L 


Q 
* 
cy 


tCLVML 
tCLET 


a 





< 


MA Low to E High tVMLEH 
S, DS High to VPA High 


: 


tsHvPH | Fig. 3, 


E Low to Control, Address Bus Invalid Fig. 4 
(Address Hold Time) tELCAI 
BGACK Width Low IGAL Clk.Per. 
475 | Asynchronous Input Setup Time tasi 








BERR Low to DTACK Low 


~ ~ 


Q 
x 
"~O 
3) 
” 


AS, DS High to E Low 


SHEL 


E Width High 


E Width Low te 


Clock High to Data Out Invalid tCHDOI 
E Low to Data Out Invalid tELpO! 
R/W to Data Bus Driven tRLDBD 


HALT/RESET Pulse Width 
GACK High to Control Bus Driven 


g’ | BG High to Control Bus Driven tGHBD 


NOTES: 

1. Fora loading capacitance of less than or equal to 50 picofarads, substract 5 nanoseconds from the value given in the maximum coiumns. 
Actual value depends on clock period. 
if #47 is satisfied for both DTACK and BERR, #48 may be 0 nanoseconds. 


For power up, the MPU must be held in RES state for 100 ms to allow stabilization of on-chip circuitry. After the system is powered up, 
#56 refers to the minimum pulse width required to reset the system. 


~ 
Oo 
Oo 














[ee] 


o > 
ay 

> 

wo - 

Oo 


Q 
x 
v0 
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. 
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Q 
~ 
a) 
© 
bad ° 


J sSi~w 


8 


& 2 -N 


. If the asynchronous setup time (#47) requirements are satisfied, the DTACK low-to-data setup time (#31) requirement can be ignored. 
The data must only satisfy the date-in clock-low setup time (# 27) for the following cycle. 


When AS and R/W are equally loaded (20%), subtract 10 nanoseconds from the values given in these columns. 
. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK. 
The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted. 


. The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events can occur 
first, depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will occur between the 
rising edge of the strobes and the failing edge of the E clock. 


or 


© ON 
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output signals. Refer to other functional descriptions and 


These waveforms should only be referenced in regard to the 
their related diagrams for device operation. 


edge-to-edge measurement of the timing specifications. They 
are not intended as a functional description of the input and 


CLK 


DTACK 


Data In (| 
ae: -—@ 
BERR/BR 


(Note 2) @ Q~ 








HALT/RESET 


Asynchronous 
Input 
(Note 1) 


NOTES: 
1. Setup time for the synchronous inputs BGACK, IPLo.. and VPA guarantees their recognition at the next falling edge of the clock. 
2. BR need fall at this time only in order to insure being recognized at the end of this bus cycle. 


3. Timing measurements are referenced to and from a low voltage of 0.8 voit and a high voltage 2.0 voits, unless otherwise noted. 
The voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 


0.8 volt and 2.0 volts. 


Figure 3. Read Cycle Timing 
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These waveforms should only be referenced in regard to the signals. Refer to other functional descriptions and their related 
edge-to-edge measurement of the timing specifications. They are diagrams for device operation. 
not intended as a functional description of the input and output 


® 


$s S1 S2 $3 S4 S58 s6 $7 @ 


“ey MOE BE 


8) 
reores THT TT 11 
ta a 
|_| 
A;-Az3 i. 





R/W 


DTACK 
Q—~ 


Data Out 


BERR/BR 
(Note 2) 


HALT/RESET 
Asynchronous ng © 
Inputs 
(Note 1) 
NOTES: 


1. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 
The voltage swing through this range should start outside and pass through the range such that the rise or fal! will be linear between 
0.8 volt and 2.0 volts. 


2. Because of loading variations, R/W may be valid after AS even though both are initiated by the rising edge of S2 (Specification 20A). 


Figure 4. Write Cycle Timing 
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@ HMCS6800 TIMING 


Clock High to R/W High 
27_[ Data In to Clock Low (Setup Time on Read) | toe._| 
AS, DS High to Data In Invalid ean 
(Hold Time on Read) Fig. 5, 
tCLET 
ter, 


AS, DS High to VPA High 
E Low to Control, Address Bus Invalid tELCAI 
(Address Hold Time) 
Asynchronous Input Setup Time | tasi 
AS, DS High to E Low 
E Width Low 
E Low to Data Out Invalid 
NOTE: 


1. The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events can occur first, 
depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will occur between the rising edge of 
the strobes and the falling edge of the E clock. 
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NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the best case possibly attainable. 


Figure 5. HD6800 Timing—Best Case 
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SO $1S2 S3S4.wwwwwwwwww ww wwww w www ww ww ww w w S5S6 S750 





are @ 
R/W Y (acelin: [aoe OnnONE: |) 
. | Sere 
E eee a 60 li 
~e al 2 
VPA @ | 
@ +H -—@ 
_ @ ll 
@ I @ 
Data Out i 
@ 
Data In @ {f  } 


NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the worst case possibly attainable. 
Figure 6. HD6800 Timing—Worst Case 


BUS ARBITRATION 


Test 
Symbol 
Condition 
Clock High to Address, Data Bus 
High Impedance tCHADZ 


Clock High to Control Bus High Impedance 


Clock High to BG Low 


Eee 
| 33 | 
| 34 | Clock High to BG High 









Cc 
= 
ot 





BR Low to BG Low 
ent (om 
fle, | 
on Bus High Impedance (AS High) teiz 
| 48 


Width High | ten | 
Asynchronous Input Setup Time | tasi 





+ + + 
aS aS aS ~~ iN 
Wane |la2 |a2 |O|o 


Q 
Q 
Q 
re 
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wo 
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BGACK Width Low tGAL 








+ + + 
= 28 /o8 |o8 Se 
a2 ia? jo? o;° 





NOTES: 
1. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK. 
2. The minimum vaiue must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted. 
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Figures 7, 8, and 9 depict the three bus arbitration cases that 
can arise. Figure 7 shows the timing where AS is negated when 
the processor asserts BG (Idle Bus Case). Figure 8 shows the 
timing where AS is asserted when the processor asserts BG 
(Active Bus Case). Figure 9 shows the timing where more than 
one bus master are requesting the bus. Refer to Bus Arbitration 
for a complete discussion of bus arbitration. 


CLK 


G3—— @ 


BG o— GD 


BGACK 
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The waveforms shown in Figures 7, 8, and 9 should only be 
referenced in regard to the edge-to-edge measurement of the 
timing specifications. They are not intended as a functional 
description of the input and output signals. Refer to other func- 
tional descriptions and their related diagrams for device opera- 


tion. 


Figure 7. Bus Arbitration Timing Diagram — Idle Bus Case 
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SO Si S2 


7 Ei 
RW 7{—__.— 
FCo—FC2 | 


Ai—Ag 


Do—Di5 


Figure 8. Bus Arbitration Timing Diagram — Active Bus Case 





LOS/UDS 


VMA 


¥ ——— 


FCo—FC, 


Ai—Ag 


Do—Dis5 


Figure 9. Bus Arbitration Timing Diagram — Multiple Bus Requests 
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® INTRODUCTION 

As shown in the programming model, the 68000 offers seven- 
teen 32-bit registers in addition to the 32-bit program counter 
and a 16-bit status register. The first eight registers (DO ~ D7) 
are used as data registers for byte (8-bit), word (16-bit), and 
long word (32-bit) data operations. The second set of seven 
registers (AQ ~ A6) and the system stack pointer may be used 
as software stack pointers and base address registers. In addi- 
tion, these registers may be used for word and long word 
address operations. All 17 registers may be used as index regis- 
ters. 

The status register contains the interrupt mask (eight levels 
available) as well as the condition codes; extend (X), negative 
(N), zero (Z), overflow (V), and carry (C). Additional status 
bits indicate that the processor is in a trace (T) mode and/or 
in a supervisor (S) state. 


Status Register 


User Byte 
System Byte (Condition Code Register) 








15 13 ap 9 8 4 3 2 1090 
T NISBET BRS EN EZ [ve 






Extend 










Trace Mode 
Supervisor Negative 
State Interrupt Zero 


Mask Overflow 
Carry 


Unused, read as zero. 


® DATA TYPES AND ADDRESSING MODES 

Five basic data types are supported. These data types are: 

(1) Bits 

(2) BCD Digits (4 bits) 

(3) Bytes (8 bits) 

(4) Word (16 bits) 

(5) Long Words (32 bits) 
In addition, operations on other data types such as memory 
address, status word data, etc., are provided for in the instruc- 
tion set. 

The 14 addressing modes, shown in Table 1, includes six 
basic types: 

(1) Register Direct 

(2) Register Indirect 

(3) Absolute 

(4) Immediate 

(5) Program Counter Relative 

(6) Implied 
Included in the register indirect addressing modes is the capa- 
bility to do postincrementing, predecrementing, offsetting and 
indexing. Program counter relative mode can also be modified 
via indexing and offsetting. 


Implied Register 
(NOTES) 
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Programming Model 


31 16 15 87 0 
DO 
01 
D2 
O03 Eight 
D4 Aspaek 
D5 
D6 
| 07 
31 16 15 0 
| AO 
Al 
A2 Seven 
i oe 
A4 
A5 
A6 


User Stack Pointer A7 Two Stack 


Supervisor Stack Pointer Pointers 
31 24 23 
oe ef2ewwes LJ 
e ; Program 
ere Counter 
15 87 0 
Status 
System Byte’ User Byte peaiter 
Table 1 Addressing Modes 
Mode | Generation 
Register Direct Addressing 
Data Register Diredt EA = Dn 
Address Register Direct EA=An 
Absolute Data Addressing 


EA = (Next Word) 
EA = (Next Two Words) 


Absolute Short 

Absolute Long 

Program Counter Relative Addressing 
Relative with Offset 

Relative with Index and Offset 
Register Indirect Addressing 

Register Indirect 

Postincrement Register Indirect 
Predecrement Register Indirect 
Register indirect with Offset 

indexed Register Indirect with Offset 
immediate Data Addressing 
Immediate 

Quick immediate 


implied Addressing 


EA = (PC) + die 
EA = (PC) + (Xn) + ds 


EA = (An) 

EA = (AN), An<An+N 
An <— An — N, EA = (An) 
EA = (An) + die 

EA = (An) + (Xn) + de 


DATA = Next Word(s) 
Inherent Data 






EA = SR, USP, SP, PC 


EA = Effective Address 

An = Address Register 

Dn = Data Register 

Xn = Address or Data Register used 
as Index Register 

SR = Status Register 

PC = Program Counter 

{ ) = Contents of 

ds = Eight-bit Offset 
(displacement) 


dig = Sixteen-bit Offset 
(displacement) 

N =1 for Byte, 2 for 
Words and 4 for Long 
Words. If An is the stack 
pointer and the operand 
size is byte, N=2 to keep 
the stack pointer on a 
word boundary. 


< = Replaces 
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@® INSTRUCTION SET OVERVIEW 

The 68000 instruction set is shown in Table 2. Some addi- 
tional instructions are variations, or subsets, of these and they 
appear in Table 3. Special emphasis has been given to the in- 
struction set’s support of structured high-level languages to facil- 
itate ease of programming. Each instruction, with few excep- 
tions, operates on bytes, words, and long words and most 





instructions can use any of the 14 addressing modes. Combining 
instruction types, data types, and addressing modes, over 1000 
useful instructions are provided. These instructions include 
signed and unsigned multiply and divide, “quick” arithmetic 
operations, BCD arithmetic and expanded operations (through 
traps). 








Table 2 Instruction Set 
Mnemonic Description Mnemonic Description Mnemonic Description 
ABCD Add Decimal with Extend EOR Exclusive Or PEA Push Effective Address 
AOD Add EXG Ex change Registers RESET Reset External Devices 
AND Logical And EXT Sign Extend : 
ASL Arithmetic Shift Left ROL Rotate Left without Extend 
ASR pellets. SK ft ce i JMP Jump ; ROR Rotate Right without Extend 
ene JSR Jump to Subroutine ROXL Rotate Left with Extend 
Bcc Branch Conditionally LEA Load Effective Address ROXR Rotate Right with Extend 
BCHG Bit Test and Change LINK Link Stack RTE Return from Exception 
BCLR Bit Test and Clear LSL Logical Shift Left RTR Return and Restore 
BRA Branch Always LSR Logical Shift Right RTS Return from Subroutine 
se it Lede rae ti MOVE Move SBCO Subtract Decimal with Extend 
BTST oe ‘ SouereuHes MOVEM Move Multiple Registers Scc Set Conditional 
iS : MOVEP Move Peripheral Data STOP Stop 
CHK Check Register Against Bounds MULS Signed Multiply SUB Subtract 
CLR Clear Operand MULU Unsigned Multiply SWAP Swap Data Register Halves 
CMP Compare NBCD Negate Decimal with Extend TAS Test and Set Operand 
DBcc Test Condition, Decrement and NEG Negate TRAP Trap 
Branch NOP No Operation TRAPV Trap on Overflow 
Dive Signed Divide NOT One’s Complement TST Test 
Ie Unsigned Divide OR Logical Or UNLK Unlink 
Table 3. Variations of Instruction Types 
Instruction : Instruction ; 
ADD Add MOVE MOVE | Move 
Add Address MOVEA Move Address 
Add Quick MOVEQ Move Quick 
Add Immediate MOVE from SR | Move from Status Register 
Add with Extend MOVE to SR Move to Status Register 
AND AND Logical And MOVE toCCR {| Move to Condition Codes 
ANDI And immediate MOVE USP Move User Stack Pointer 
ANDI to CCR And Immediate to NEG Negate 
Condition Codes Negate with Extend 
ANE LOSE eleva bs OR OR Logical Or 
OR! Or Immediate 
CMP Compare ORI to CCR Or immediate to 
Compare Address Condition Codes 
Compare Memory ORI to SR Or immediate to 
Compare Immediate Status Register 
EOR EOR Exclusive Or SUB Subtract 
EORI Exclusive Or Immediate Subtract Address 
EORI to CCR Exciusive Or immediate Subtract Immediate 
to Condition Codes Subtract Quick 
EORI to SR Exclusive Or immediate Subtract with Extend 
to Status Register 
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® REGISTER DESCRIPTION AND DATA ORGANIZATION 
The following paragraphs describe the registers and data 
organization of the 68000. 


@ OPERAND SIZE 

Operand sizes are defined as follows: a byte equals 8 bits, 
a word equals 16 bits, and a long word equals 32 bits. The 
operand size for each instruction is either explicitly encoded 
in the instruction or implicitly defined by the instruction 
operation. Implict instructions support some subset of all three 
sizes. 


@® DATA ORGANIZATION IN REGISTERS 

The eight data registers support data operands of |, 8, 16, 
or 32 bits. The seven address: registers together with the active 
Stack pointer support address operands of 32 bits. 


DATA REGISTERS 

Each data register is 32 bits wide. Byte operands occupy 
the low order 8 bits, word operands the low order 16 bits, and 
long word operands the entire 32 bits. The least significant bit 
is addressed as bit zero. the most significant bit is addressed 
as bit 31. 

When a data register is used as either a source or destination 
operand, only the appropriate low-order portion is changed: 
the remaining high-order portion is neither used nor changed. 


15 14 «£13 ~=«612~=«611 ~=«10~=—*”F€8 


Byte 000000 


Byte 000002 
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ADDRESS REGISTERS 

Each address register and the stack pointer is 32 bits wide 
and holds a full 32 bit address. Address registers do not support 
byte sized operands. Therefore, when an address register is used 
us a source operand, either the low order word or the entire 
long word opcrand 1s used depending upon the operation size. 
When an address register is used as the destination operand, the 
entire register is affected regardless of the operation size. If the 
Operation size 1s word, any other operands are sign extended 
to 32 bits before the operation 1s performed. 


@ DATA ORGANIZATION IN MEMORY 

Bytes are individually addressable with the high order byte 
having an even address the same as the word. as shown in 
Figure 10. The low order byte has an odd address that is one 
count higher than the word address. Instructions and multibyte 
data are accessed only on word (even byte) boundaries. If a 
long word datum is located at address n (n even), then the 
second word of that datum is located at address n + 2. 

The data types supported by the 68000 are: bit data, integer 
data of 8, 16, or 32 bits, 32-bit addresses and binary coded 
decimal data. Each of these data types is put in memory, as 
shown in Figure 11. The numbers indicate the order in which 
the data would be accessed from the processor. 


Byte 000001 
Byte 000003 


Word FFFFFE 





Byte FFFFFE 


Byte FFFFFF 


Figure 10 Word Organization in Memory 
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Bit Data 
1 Byte = 8 Bits 
7 6 5 4 3 2 1 0 


Integer Data 









1 Byte = 8 Bits 
n+1 
nt+3 
n+1 
n+3 
n+5 
1 Long Word = 32 Bits 
16 14 13 12 #1411 #10 #9 ~~ 8 7 6 5 4 3 2 1 (¢] 
n n+1 
n+2 Low Order n+3 
n+5 
n+7 
n+9 
n+10 n+11 
Addresses 
1 Address = 32 Bits 
15 14 13 #142 #11 ~ «210 9 8 7 6 5 4 3 2 1 0 
n MSB High Order n+1 
we em Ares 0 me mee mem ce mee wee we ee ee ee ee ee we ee ee ee ee ee ee 
n+2 Low Order n+3 
n+4 n+5 
= = Adress Tam mm mee ce wm me we ee oe oe ee ee we we ee 
n+6 n+7 
n+8 n+9 
wan eae © ACT OSS 2» cee wee ee ee cee cee me ce we eee ee ee wee ee ee ee ee ee ee 
n+10 n+11 


MSB = Most Significant Bit 
LSB = Least Significant Bit | 


Decimal Data 


n+2 





MSD= Most Significant Digit 
LSD = Least Significant Digit 


Figure 11 Data Organization in Memory 
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@ ADDRESSING 
Instructions for the 68000 contain two kinds of information: 
the type of function to be performed, and the location of the 
operand(s) on which to perform that function. The methods 
used to locate (address) the operand(s) are explained in the 
following paragraphs. 
Instructions specify an operand location in one of three 
ways: 
Register Specification — the number of the register is given 
in the register field of the instruction. 
Effective Address — use of the different effective address 
modes. 
Implicit Reference — the definition of certain instructions 
implies the use of specific registers. 


@ INSTRUCTION FORMAT 

Instructions are from one to five words in length, as shown 
in Figure 12. The length of the instruction and the operation 
to be performed is specified by the first word of the instruction 
which is called the operation word. The remaining words 
further specify the operands. These words are either immediate 
operands or extensions to the effective address mode specified 
in the operation word. 


® PROGRAM/DATA REFERENCES 

The 68000 separates memory references into two classes: 
program references, and data references. Program references, as 
the name implies, are references to that section of memory that 








Figure 12 


14.—O 43972 11 10 


15 





1 1 14 10 : : 7 6 4 3 2 1 0 
Operation Word 
Immediate Operand 
Source Effective Address Extension 
(tf Any, One or Two Words) 


Instruction Format 


9 8 7 6 5 
EXER ESEI ES Eee: 


contains the program being executed. Data references refer to 
that section of memory that contains data. Operand reads are 
from the data space except in the case of the program counter 
relative addressing mode. All operand writes are to the data 
space. 


@ REGISTER SPECIFICATION 

The register field within an instruction specifies the register 
to be used. Other fields within the instruction specify whether 
the register selected is an address or data register and how the 
register is to be used. 


@ EFFECTIVE ADDRESS 

Most instructions specify the location of an operand by using 
the effective address field in the operation word. For example, 
Figure 13 shows the general format of the single effective address 
instruction ‘operation word. The effective address is composed 
of two 3-bit fields: the mode field, and the register field. The 
value in the mode field selects the different address modes. The 
register field contains the number of a register. 

The effective address field may require additional informa- 
tion to fully specify the operand. This additional information, 
called the effective address extension, is contained in the 
following word or words and is considered part of the instruc- 
tion, as shown in Figure 12. The effective address modes are 
grouped into three categories: register direct, memory address- 
ing, and special. 









Effective Address 


Register 


Figure 13 Single-Effective-Address Instruction Operation Word General Format 
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REGISTER DIRECT MODES 
These effective addressing modes specify that the operand 
is in one of the 16 multifunction registers. 


EXAMPLE 


MPU MEMORY 






OOOOABCD} DO 


MOVE DO, $1F00 


Address Register Direct 
The operand is in the address register specified by the effec- 
tive address register field. 


EXAMPLE 


MPU MEMORY 


00001234} A4 





OWL 33CC 


OWL +2 
MOVE A4, $201000 


C—O 
| 33cc 
| 0020S 
OWL +4] 1000 
ene eae atid 
seas! 
ee al 
rae 


Data Register Direct 
The operand is in the data register specified by the effective 
address register field. 


COMMENTS 
@®EA=Dn 


@ Machine Level Coding 
MOVE DO, $1F00 


0011 0001 1100 0000 


ove 


Word Reg #0 
Absolute 
Short 
Data 
Register 
Direct 
COMMENTS 
@®EA=An 


@ Machine Level Coding 
MOVE A4, $201000 
0011 0011 1100 1100 


Move Reg #4 
Word Absolute 
Long 
Address 
Register 
Direct 
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EXAMPLE 
MPU 


MEMORY 


HD68000/HD68HCO000 


COMMENTS 


@EA=An 
@ Address Register Sign Extended 
@ Machine Level Coding 





MOVE $201000, A4 


OWL 3879 
om. +2. 0020 
om. +4[ 1000 


Fe 


MOVE $201000, A4 
0011 1000 0111 1001 


Move 
Word Absolute 
Long 
Reg#4 
Address 
Register 
Direct 


MEMORY ADDRESS MODES 


These effective addressing modes specify that the operand 


is in memory and provide the specific address of the operand. 


EXAMPLE 


MPU 





Address Register Indirect 

The address of the operand is in the address register specified 
by the register field. The reference is classified as a data refer- 
ence with the exception of the jump and jump to subroutine 
instructions. 


COMMENTS 
@ EA = (An) 


MEMORY 


@ Machine Level Coding 
MOVE (AQ), DO 
0011 0000 0001 0000 


je 1S nea tes 
Move Reg #0 
Word ata 





Register 
_  ~_— Diract 
Reg #0 ARI 
ow.{ 3010S (Address 
Sane Register 
MOVE (AO), DO Poe ef indirect) 
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Address Register Indirect With Postincrement 

The address of the operand is in the address register specified 
by the register field. After the operand address is used, it is 
incremented by one, two, or four depending upon whether 
the size of the operand is byte, word, or long word. If the 





address register is the stack pointer and the operand size is 
byte, the address is incremented by two rather than one to 
keep the stack pointer on a word boundary. The reference is 
classified as a data reference. 


EXAMPLE COMMENTS 
@ EA = (An); An + M@—An 
MPU MEMORY Where An —» Address Register 
M —>1,2,or4 
— (Depending Whether 
Byte, Word, or 
$100 Agta Long Word 
as @ Machine Level Coding 
=, MOVE (A4) +, $2000 
— 0011 0001 1101 1100 
$2000 AE12 < ae 
Reg #4 
——~____ J Move 
Word Absolute 
Cc ~~ Short = ARTwith 
OWL 31DC Increment 
ow. +2{ 2000 
MOVE (A4) +,$2000 inne! 


Address Register Indirect With Predecrement 

The address of the operand is in the address register specified 
by the register field. Before the operand address is used, it is 
decremented by one, two, or four depending upon whether 
the operand size is byte, word, or long word. If the address 


register is the stack pointer and the operand size is byte, the 
address is decremented by two rather than one to keep the 
stack pointer on a word boundary. The reference is classified 
as a data reference. 


EXAMPLE COMMENTS 
@ An — M--»An; EA = (An) 
MPU MEMORY Where An—» Address Register 


00000100] A3 


QOOOOOF E 





OWL 


OWL + 2 
MOVE - (A3), $4000 





———_ Move | with 
Predic- 


Uli 


M —»1,2,or4 
(Depending Whether 
Byte, Word, or 
Long Word) 
@ Machine Level Coding 


MOVE — (A3), $4000 

0011 0001 1110 0011 
Me 
ARI 


Word Absolute 


rement 
Short 


Reg #3 
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Address Register Indirect With Displacement register and the sign-extended 16-bit displacement integer in 
This address mode requires one word of extension. The ad- the extension word. The reference is classified as a data refer- 
dress of the operand is the sum of the address in the address ence with the exception of the jump to subroutine instructions. 


EXAMPLE COMMENTS 
@EA=An+ dis 
MPU MEMORY Where An —> Pointer Register 
dig ——™ 16-Bit Displacement 





@ dis Displacement is Sign Extended 
To @ Machine Level Coding 
$1100 ABCD 
00001000] AO as MOVE $100(A0), $3000 
ee 0011 0001 1110 1000 
aes 4 Absolute Reg #0 
Short 
$3000 ABCD Move ARI 
Word with 
————__ Displacement 
MOVE $100(A0), $3000 ier 
owL{ sea 
ete [0100 
CALCULATION: xh ean 
AO = 00001000 OwL+4{|  —3000_~Ss=*d 
sue 00000100 ane: 
“a fo 
Address Register Indirect With index eight bits of the extension word, and the contents of the index 


This address mode requires one word of extension. The register. The reference is classified as a data reference with the 
address of the operand is the sum of the address in the address exception of the jump and jump to subroutine instructions. 
register, the sign-extended displacement integer in the low order 


EXAMPLE COMMENTS 
@® EA = An+ Rx + dy 
MPU MEMORY Where 
An —+e Pointer Register 
Rx —* Designated Index Register, 
(Erther Address Register or 
Data Register) 
d, —e# 8-Bit Displacement 
@ Rx & ds are Sign Extended 
@ Rx may be Word or Long Word 
Long Word may be Designated with Rx. 
@ Machine Level Coding 


$1000 


0Q0002B0C} DO 
AO 


$4BE0 
MOVE $04(A0, 00), $1000 


0011 0001 1111 0000 





Ui UNCO 


Move Absolute Reg #0 
Word Short 
ARI 
with 
MOVE $04(A0, DO), ee Index 
et OWL +4 0000 0000 0000 0100 
PALCULATION: ovh | Word | a 
AO = 00002000 Reg #0 onstant Zeros 
DO = 00002BDC 
d = 00000004 
O00004BE0 
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SPECIAL ADDRESS MODE Absolute Short Address 

The special address modes use the effective address register This address mode requires one word of extension. The ad- 
field to specify the special addressing mode instead of a register dress of the operand is the extension word. The 16-bit address 
number. is sign extended before it is used. The reference is classified 


as a data reference with the exception of the jump and jump 
to subroutine instructions. 


EXAMPLE COMMENTS 


@ EA = (Next Word) 
MEMORY @ 16-Bit Word is Sign Extended 


@ Machine Level Coding 
NOT.L $2000 
0100 0110 1011 1000 
i He 


L.W. 
: Absolute 
Not Instruction Short 


oe 
3 
Cc 


NOT.L $2000 





EXAMPLE COMMENTS 


@ EA = (Next Word) 
MEMORY ® 16-Bit Word is Sign Extended 


$1000 | 1234. | @ Machine Level Coing 


MOVE $1000, $2000 


0011 0001 1111 42~.1000 
Move Absolute 
Word Short 


Absolute 
Short 


a 
4 
Cc 

5 4 

N 

2 

3 


OWL 
OWL + 2 
OWL +4 


MOVE $1000, $2000 
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Absolute Long Address 


This address mode requires two words of extension. The 
address of the operand is developed by the concatenation of 
the extension words. The high-order part of the address is the 


HD68000/HD68HCO000 


first extension word; the low-order part of the address is the 


second extension word. The reference is classified as a data 
reference with the exception of the jump and jump to sub- 
routine instructions. 


COMMENTS 
@ EA = (Next Two Words) 


® Machine Level Coding 


tf & ft. 
Ss 
NEG 
Instruction Long 


EXAMPLE 
MPU MEMORY 
$14000 | 0001 ->FFFF 
OWL 
OWL + 2 
NEG $014000 
OWL +4 


Program Counter With Displacement 

This address mode requires one word of extension. The 
address of the operand is the sum of the address in the program 
counter and the sign-extended 16-bit displacement integer in 


EXAMPLE 


MPU MEMORY 








XXXXABCD] DO 


MOVE (LABEL), DO 


ADDRESS 
CALCULATION: 
PC = 00008002 

d = 00001000 


00009002 <LABEL > $9002 





tilt 


NEG $014000 
0100 0100 0111 1001 


Ize 
Absolute 


the extension word. The value in the program counter is the ad- 
dress of the extension word. The reference is classified as a pro- 
gram reference. 


COMMENTS 

@ EA = (PC) + dig 

@ dig 1s Sign Extended 
@ Machine Level Coding 


MOVE (LABEL), DO 
0011 0000 0011 1010 


PC with 


Move Data Displacement 


Word = Register 
Direct 
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Program Counter With Index 

This address mode requires one word of extension. This 
address is the sum of the address in the program counter, the 
sign-extended displacement integer in the lower eight bits of 
the extension word, and the contents of the index register. 
The value in the program counter is the address of the extension 
word. This reference is classified as a program reference. 


EA = (PC) + (Rx) + dx 
(NOTE) 
PC Value 


(lk 








Beginning 
Address of PC +d, ——> D/A 
Data Table Register 
Data W/L 
Table 
Desired Data 
Location in Table POL Oh AR ae 
EXAMPLE 
MPU MEMORY 
XXXX3456] DO $go00| 3038 
$8002 8010 
00001010} AO —__ 


<LABEL> 
le $8012 


MOVE (LABEL) (AO), DO 


ADDRESS 
CALCULATIONS: 
PC = 00008002 
AO = 00001010 
_d = 00000010 
00009022 
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Extension Word 


: Data Register = 0, Address Register = 1 
Index Register Number 

: Sign-extented, low order Word integer 
in Index Register = 0 
Long Word in Index Register = 1 


COMMENTS 
@ EA = (PC) + (Rx) +d, 
Where 
PC —Current Program Counter 
Rx— Designated Index Register 
(Either Data or Address Register) 
d, —e8-Bit Displacement 
@ Rx and d,s are Sign Extended 
@ Rx may be Word or Long Word 
Long Word is Designated with Rx.L 
@ Machine Level Coding 


MOVE (LABEL) (AO), DO 
0011 0000 0011 1011 


Move with 
Word Index 


Data Register 
Direct 


1000 0000 00010000 


Address 8-Bit Displacement 
Register 


Register | Constant Zeros 
Number 


Index Length 





16 14 13 12 11 10 9 8 7 6 4 3 210 
pia] reviner [wi[o]o]o] Displacement never | 
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immediate Data 
This address mode requires either one or two words of ex- 
tension depending on the size of the operation. 
Byte operation — operand is low order byte of extension 
word 
Word operation — operand is extension word 
Long word operation — operand is in the two extension 
words, high-order 16 bits are in the first extension word, 
low-order 16 bits are in the second extension word. 


EXAMPLE 


MPU MEMORY 





MOVE #$1000, AO 


EXAMPLE 


MPU MEMORY 


MOVEQ #$5A, 03 


@ HITACHI 






Extension Word 


[00 000000! Byte | 


15 or 0 
15 oF 0 


High Order 





---- Long Word - —- - ---- - 


COMMENTS 

©@ Data = Next Word(s) 

@ Data is Sign Extended 
for Address Register 
but not Data Register 

@ Machine Level Coding 
MOVE #$1000, AO 


0011 0000 0111 1100 
ea es 


Reg #0 Immediate 
Data 
se Address 
Register 
Direct 
COMMENTS 


® inherent Data 
®@ Data is Sign Extended to Long Word 
@ Destination must be a Data Register 


@ Machine Level Coding 
MOVEQO #$5A, D3 
0111 O11 QO 0101 1010 


Reg #3 Fixed immediate 


Move Zero Data 


Quick 
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Condition Codes or Status Register 
A selected set of instructions may reference the status regis- 
ter by means of the effective address field. These are: 


ANDI to CCR 
ANDI to SR 
EORI to CCR 
EORI to SR 
ORI toCCR 
ORI to SR 
MOVE to CCR 
MOVE to SR 
MOVE from SR 


MOVE $1020, SR 


MPU 


EXAMPLE 





OWL 
OWL + 2 


@ EFFECTIVE ADDRESS ENCODING SUMMARY 
Table 4 is a summary of the effective addressing modes dis- 


cussed in the previous paragraphs. 


Table 4 Effective Address Encoding Summary 


Addressing Mode 
Data Register Direct 
Address Register Direct 
Address Register Indirect 


Address Register Indirect with 
Postincrement 


Address Register Indirect with 
Predecrement 


Address Register Indirect with 


Displacement 


Address Register Indirect with 
Index 


Absolute Short 
Absolute Long 


Program Counter with 
Displacement 





Program Counter with Index 
Immediate 


@ IMPLICIT REFERENCE 


Register 
register number 





register number 
register number 


register number 
register number 


register number 


Some instructions make implicit reference to the program 
counter (PC), the system stack pointer (SP), the supervisor 


934 


MEMORY 


46F8 


Ulli 


COMMENTS 

@ EA = (Next Word) 

® Note: This Example is a Privileged 
Instruction 

@ Machine Level Coding 


MOVE $1020, SR 


0100 0110 1111 211000 
ove to Absolute 
Short 


stack pointer (SSP), the user stack pointer (USP), or the status 
register (SR). 


SYSTEM STACK 

The system stack is used implicitly by many instructions; 
user stacks and queues may be created and maintained through 
the addressing modes. Address register seven (A7) is the system 
stack pointer (SP). The system stack pointer is either the super- 
visor stack pointer (SSP) or the user stack pointer (USP), de- 
pending on the state of the S-bit in the status register. If the 
S-bit indicates supervisor state, SSP is the active system stack 
pointer, and the USP cannot be referenced as an address re- 
gister. If the S-bit indicates user state, the USP is the active 
system stack pointer, and the SSP cannot be referenced. Each 
system stack fills from high memory to low memory. 


SYSTEM STACK POINTERS 


User Stack Supervisor Stack 
register number A7 A7' 
000 
001 
010 
011 USP SSP 
* ti] 
100 
e@ Accessed when S = 0 @ Accessed when S = 1 
@ PC is Stacked on @ PC is Stacked on 
Subroutine Calls in Subroutine Calls in 
User State Supervisor State 
. @ Used for Exception 
* Increasing Addresses Processing 
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The address mode SP @- creates a new item on the active 
system stack, and the address mode SP @ + deletes an item from 
the active system stack. 

The program counter is saved on the active system stack on 
subroutine calls, and restored from the active system stack on 
returns. On the other hand, both the program counter and the 
status register are saved on the supervisor stack during the 
processing of traps and interrupts. Thus, the correct execution 
of the supervisor state code is not dependent on the behavior 
of user code and user programs may use the user stack pointer 
arbitrarily. 

In order to keep data on the system stack aligned properly, 
data entry on the stack is restricted so that data is always put 
in the stack on a word boundary. Thus byte data is pushed on 
or pulled from the system stack in the high order half of the 
word; the lower half is unchanged. 


USER STACKS 

User stacks can be implemented and manipulated by employ- 
ing the address register indirect with postincrement and pre- 
decrement addressing modes. Using an address register (on of 
AO through A6), the user may implement stacks which are filled 
either from high memory to low memory, or vice versa. The 
important things to remember are: 

— using predecrement, the register is decremented before its 
contents are used as the pointer into the stack, 

— using postincrement, the register is incremented after its 
contents are used as the pointer into the stack, 

— byte data must be put on the stack in pairs when mixed 
with word or long data so that the stack will not get 
misaligned when the data is retrieved. Word and long 
accesses must be on word boundary (even) addresses. 

Stack growth from high to low memory is implemented with 
An@- to push data on the stack, 

An@+ to pull data from the stack. 

After eigher a push or a pull operation, register An points to 

the last (top) item on the stack. This is illustrated as: 


low memory 


high memory 





Stack growth from low to high memory is implemented with 
An@+ to push data on the stack, 
An@- to pull data from the stack. 
After either a push or a pull operation, register An points to 
the next available space on the stack. This is illustrated as: 
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low memory 


high memory 






An-} 





QUEUES 

User queues can be implemented and manipulated with the 
address register indirect with postincrement or predecrement 
addressing modes. Using a pair of address registers (two of AO 
through A6), the user may implement queues which are filled 
either from high memory to low memory, or vice versa. Because 
queues are pushed from one end and pulled from the other, two 
registers are used: the put and get pointers. 

Queue growth from low to high memory is implemented with 

Aput@’+ to put data into the queue, 
Aget@+ to get data from the queue. 

After a put operation, the put address register points to the 
next available space in the queue and the unchanged get address 
register points to the next item to remove from the queue. 
After a get operation, the get address register points to the next 
item to remove from the queue and the unchanged put address 
register points to the next available space in the queue. This ts 
illustrated as. 





low memory 


last get (free) 






high memory 


If the queue is to be implemented as a circular buffer, the 
address register should be checked and, if necessary, adjusted 
before the put or get operation is performed. The address regis- 
ter is adjusted by subtracting the buffer length (in bytes). 

Queue growth from high to low memory is implemented with 

Aput@- to put data into the queue, 
Aget@ - to get data from the queue. 

After a put operation, the put address register points to the 
last item put in the queue, and the unchanged get address 
register points to the last item removed from the queue. After a 
get operation, the get address register points to the last item 
removed from the queue and the unchanged put address register 
points to the last item put in the queue. This is illustrated as: 
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low memory 


last get (free) 


high memory 






If the queue is to be implemented as a circular buffer, the 
get or put operation should be performed first, and then the 
address register should be checked and, if necessary, adjusted 
The address register is adjusted by adding the buffer length 
(in bytes). 


SINSTRUCTION SET SUMMARY 
The following paragraphs contain an overview of the form 
and structure of the 68000 instruction set. The instructions 
form a set of tools that include all the machine functions to 
perform the following operations: 
Data Movement 
Integer Arithmetic 
Logical 
Shift and Rotate 
Bit Manipulation 
Binary Coded Decimal 
Program Control 
System Control 
The complete range of instruction capabilities combined 
with the flexible addressing modes described previously pro- 
vide a very flexible base for program development. 


® DATA MOVEMENT OPERATIONS 

The basic method of data acquisition (transfer and storage) 
is provided by the move (MOVE) instruction. The move instruc- 
tion and the effective addressing modes allow both address 
and data manipulation. Data move instructions allow byte, 
word, and long word operands to be transferred from memory 
to memory, memory to register, register to memory, and regis- 
ter to memory, and register to register. Address move instruc- 
tions allow word and long word operand transfers and ensure 
that only legal address manipulations are executed. In addition 
to the general move instruction there are several special data 
movement instructions: move multiple registers (MOVEM), 
move peripheral data (MOVEP), exchange registers (EXG), 
load effective address (LEA), push effective address (PEA), 


link stack (LINK), unlink stack (UNLK), and move quick 
(MOVEQ). Table 5 is a summary of the data movement 
operations. 


Table 5 Data Movement Operations 


Instruction Operation 

EXG | 32 Re Ry 

LEA | 32 EA An 
An-~>-— (SP) 

LINK _ (se > An; 
SP +d SP 

MOVE _| 8,16,32_ | (EA)s>EAd 
(EA) > An, Dn 
(EA) > Dn 

movea_| 8 | #x>Dn 

7 a ee 

SWAP | 32s] sn [31:16] + Dn (15:0) 
An~> Sp; 

(NOTES) 
$s = source —( ) = indirect with predecrement 


( ) + = indirect with postincrement 
# = immediate data 


d = destination 
{ ] =bit numbers 


@ INTEGER ARITHMETIC OPERATIONS 

The arithmetic operations include the four basic operations 
of add (ADD), subtract (SUB), multiply (MUL), and divide 
(DIV) as well as arithmetic compare (CMP), clear (CLR), and 
negate (NEG). The add and subtract instructions are available 
for both address and data operations, with data operations 
accepting all operand sizes. Address operations are limited 
to legal address size operands (16 or 32 bits). Data, address, 
and memory compare operations are also available. The clear 
ne negate instructions may be used on all sizes of data oper- 
ands. 

The multiply and divide operations are available for signed 
and unsigned operands using word multiply to produce a long 
word product, and a long word dividend with word divisor to 
produce a word quotien with a word remainder. 

Multiprecision and mixed size arithmetic can be accomplish- 
ed using a set of extended instructions. These instructions are: 
add extended (ADDX), subtract extended (SUBX), sign extend 
(EXT), and negate binary with extend (NEGX). 

A test operand (TST) instruction that will set the condition 
codes as a result of a compare of the operand with zero is also 
available. Test and set (TAS) is a synchronization instruction 
useful in multiprocessor systems. Table 6 is a summary of 
the integer arithmetic operations. 
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Table 6 Integer Arithmetic Operations 





Instruction Operation 
8, 16, 32 ye (EA) > Dn 
+ Dn EA 
ner (EA) + #xxx > EA 
16, 32 AN + (EA) > An 
8, 16, 32 Dx + Dy + X > Dx 
ADO 16, 32 (Ax) + - (Ay) + X > (Ax) 
(EA) > MPU 
CLR 8, 16, 32 soe 
8, 16, 32 Dn : (EA) 
EA) - #xxx 
oe (Ax) + — (Ay) + 
16, 32 An - (EA) 
DIVS Dn=(EA)> Dn 
pDivu | 32=16 | Dn+{EA)>Dn 
8+ 16 (Dn)s > Orie 
ext (ont, Ort 
MULS 16X16 > 32 | Onx(EA)— Dn 
MULU 16X16 +32 | Dnx(EA)~>Dn 
NEG 8, 16, 32 0 - (EA) > EA 
NEGX | 8,16,32 | O-(EA)-X-EA 
8, 16, 32 Dn - (EA) > Dn 
(EA) - Dn > EA 
aue (EA) - #xxx > EA 
16, 32 An - (EA) > An 
Dx - Dy - X > Dx 
eee | 8,16,32 (Ax) ~ — (Ay) — X > (Ax) 
TAS |B (EA) -0, 1 > EAI7) 
tstT | _8,16,32_ | (EA) -0 


(NOTE) [ ] =bit number 

) = indirect with predecrement 
= indirect with postincrement 
immediate data 


— ( 
() 


+ 
# 


@ LOGICAL OPERATIONS 

Logical operation instructions AND, OR, EOR, and NOT 
ure available for all sizes of integer data operands. A similar 
set of immediate instructions (ANDI, ORI, and EORI) provide 
these logical operations with all sizes of immediate data. Table 
7 is a summary of the logical operations. 


Table 7 Logical Operations 





Instruction Operation 
pts | Ona(EA) — On 

AND (EA)A Dn — EA 
(EA) a =xxx —- EA 
Dn v (EA) > On 

OR (EA) vOn— EA 
(EA) v =xxx - EA 
(EA)@Dy — EA 

EGR (EA)® #xxx — EA 

NOT ~ (EA) EA 

{(NOTE] ~ = tnvert 

v = logical OR 


#= immediate data 
A = logicali AND 
® = exclusive OR 


@ SHIFT AND ROTATE OPERATIONS 

Shift operations in both directions are provided by the 
arithmetic instructions ASR and ASL and logical shift instruc- 
tions LSR and LSL. The rotate instructions (with and without 
extend) available are ROXR, ROXL, ROR, and ROL. All 
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shift and rotate operations can be performed in either registers 
or memory. Register shifts and rotates support all operand 
sizes and allow a shift count specified in the instruction of 
One to eight bits, or 0 to 63 specified in a data register. 

Memory shifts and rotates are for word operands only and 
allow only single-bit shifts or rotates. Table 8 is a summary 
of the shift and rotate operations. 


Table 8 Shift and Rotate Operations 


Instruction lOperand Size| Operation 

ASL | 9,16,22 | (0 
ASR | 8, 16,32 | x/C 
ust } 8,16, 32 | 0 
LSR } 8, 16,32 | 0 x/C 
ROL }at6a2 | [Cf 
ROR } 8.16.32 of —$—$— Jot C | 
ROxt | 8, 16,32 
ROXR ) 816,92 ca 


@ BIT MANIPULATION OPERATIONS 

Bit manipulation operations are accomplished using the 
following instructions: bit test (BTST), bit test and set (BSET), 
bit test and clear (BCLR). and bit test and change (BCHG). 
Table 9 is a summary of the bit manipulation operations. 
(Bit 2 of the status register is Z.) 


Table 9 Bit Manipulation Operations 


Instruction Operation 

BTST | 8,32] + bit of (EA) > 2 | 
ser |e | (CN? 

sun | oe | (gman? 

BCHG 8.32 | (~ pot (EA) = bit of EA 


(Note) ~ = invert 


@ BINARY CODED DECIMAL OPERATIONS 

Multiprecision arithmetic operations on binary coded deci- 
mal numbers are accomplished using the following instructions: 
add decimal with extend (ABCD), subtract decimal with extend 
(SBCD), and negate decimal with extend (NBCD). Table 10 is 
a summary of the binary coded decimal operations. 


Table 10 Binary Coded Decimal! Operations 


Operand Size 













Instruction Operation 
Dx,, +Dy,, +X — Ox 
- (Ax)io + - (Ay)io + X > (Ax) 
Ox,, ~Dy,, ~ X ~ Dx 
~ (Ax)io - - (Ay)io - X > (Ax) 
0-{(EA),, -X ~ EA 


— ( )= indirect with predecrement 
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@ PROGRAM CONTROL OPERATIONS @ SYSTEM CONTROL OPERATIONS 


Program control operations are accomplished using a series 
of conditional and unconditional branch instructions and return 
instructions. These instructions are summarized in Table 11. 

The conditional instructions provide setting and branching 
for the following conditions: 


CC — carry clear 


LS — low or same 


System control operations are accomplished by using privi- 
leged instructions, trap generating instructions, and instructions 
that use or modify the status register. These instructions are 
summarized in Table 12. 


Table 12 System Control Operations 


CS — carry set LT — less than 
EQ ~ equal MI — minus Instruction Operation 
F — never true NE — not equal SEE 
GE — greaterorequal PL — plus tis ihege 
RESET Reset external devices 
GT — greater than T — always true 
HI hi vc fl RTE Return from exception 
— high — no overliow STOP Stop program execution 
LE — less or equal VS — overflow OR! to SR Logical OR to status register 
MOVE USP Move user stack pointer 
. ANDI to SR Logical AND to status register 
Table 11 Program Control Operations EORI to SR Logical EOR to status register 


MOVE EAtoSR 


Load new status register 


Instruction Operation Trap Generating 
Conditional TRAP Trap 
Bcc Branch conditionally (14 conditions) TRAPV Trap on overflow 
8- and 16-bit displacement CHK Check register against bounds 
OBcc Test condition, decrement, and branch Status Register 
16-bit displacement ANDI to CCR Logical AND to condition codes 
Scc Set byte conditionally (16 conditions) EOR! to CCR Logical EOR to condition codes 
Unconditional MOVE EAtoCCR Load new condition codes 
BRA Branch always ORI to CCR Logical OR to condition codes 
8-and 16-bit displacement MOVE SR to EA Store status register 
BSR Branch to subroutine 
8- and 16-bit displacement 
id ue © BRANCH INSTRUCTION ADDRESSING 
JSR Jump to subroutine 
a a BRANCH INSTRUCTION FORMAT 
RTR Return and restore condition codes 
RTS Return from subroutine 15 87 0 


Operation Code 8 bit Displacement 


16 bit Displacement if 8 bit Displacement = 0 


Operation Word 
Extension Word 


RELATIVE, FORWARD REFERENCE, 8-BIT OFFSET 


EXAMPLE COMMENTS 

® Offset Contained in 8 LSBs of Op Word 
© Offset is 2's Complement Number 

@ If Offset = 0 then Word Offset ts Used 
@ Machine Level Coding 


BEQ NEXT 
Q110 0111 


MPU MEMORY 


0001 1110 


Branch Offset 


Branch If 


$5000 671E Equal 


Wilt 


BEQ NEXT 


PC + 2 = §002 
d=OQO01E 
5020 


Next OP Code 


$5020 
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RELATIVE, BACKWARD REFERENCE 8-BIT OFFSET 





EXAMPLE COMMENTS 


© Offset Contained in 8 LSBs 
MPU MEMORY of Op Word 
© Offset is 2's Complement Number 


© If Offset = 0 then Word 
Offset is Used 
@ Machine Level Coding 
BNE NEXT 
0110 0110 1101 1110 
ee 


Branch Offset 
Next OP Code Branch If 
Not Equal 





BNE NEXT enoze 
PC + 2 = 4022 
d = FFDE 
4000 


ee Seeee 
| 66 DE 
eee 
es! 
ara 
eee 
aa oe 


RELATIVE, FORWARD REFERENCE, 16-BiIT OFFSET 


AMP COMMENTS 
@ Offset in Next Word 
MPU MEMORY ® 8-Bit Offset Field =O 
®@ 2's Complement Offset 
@ Machine Level Coding 
Boc NEXT 


0110 0100 0000 0000 


src | ero set 


Branch If 
Carry Clear 


¢ 
E 


AL 


64 


——_ 


8 


$4002 





$5002] Next OP Code 


Bec NEXT 


PC + 2 = 4002 
d = + 1000 
§002 


Ul 
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® SIGNAL AND BUS OPERATION DESCRIPTION 

The following paragraphs contain a brief description of the 
input and output signals. A discussion of bus operation during 
the various machine cycles and operations is also given. 


(NOTE) The terms assertion and negation will be used extensively. 
This 1s done to avoid confusion when dealing with a mixture 
of “‘active-low” and ‘‘active-high” signals. The term assert or 
assertion is used to indicate that a signal is active or true in- 
dependent of whether that voltage 1s low or high. The term 
negate or negation 1s used to indicate that a signal ts inactive or 
false. 


@ SIGNAL DESCRIPTION 

The input and output signals can be functionally organized 
into the groups shown in Figure 14. The following paragraphs 
provide a brief description of the signals and also a reference 
(if applicable) to other paragraphs that contain more detail 
about the function being performed. 





Vcc (2) Address 
Vso (2) [Bus > A,~A2; 
CLK 
D,~D,, 
AS 
R/W 
FC, Asynchronous 
Processor F Lo Bus 
Status FC, icroprocesso DTACK Control 
E BR Bus 
HD6800 ivr’ re 
MA BG Arbitration 
Peripheral —— Y BGACK 
Contiol { PA BGAC Control 
IPL 
System RES iPL Interrupt 
Control HALT IPL Control 


Figure 14 Input and Output Signals 


ADDRESS BUS (A: through A23) 

This 23-bit, unidirectional, three-state bus is capable of 
addressing 8 megawords of data. It provides the address for bus 
operation during all cycles except interrupt cycles. During 
interrupt cycles, address lines A1, Az, and A3. Provide infor- 
mation about what level interrupt 1s being serviced while address 
lines A4 through Az23 are all set to a logic high. 


DATA BUS (Do through Dis) 

This 16-bit, bidirectional, three-state bus is the general 
purpose data path. It can transfer and accept data in either 
word or byte length. During an interrupt acknowledge cycle, 


an external device supplies the vector number on data lines 
Do through D7. 


ASYNCHRONOUS BUS CONTROL 

Asynchrofious data transfer are handled using the following 
control signals: address strobe, read/write, upper and lower 
data strobes, and data transfer acknowledge. These signals 
are explained in the following paragraphs. 


Address Strobe (AS) 
This signal indicates that there is a valid address on the 
address bus. 





Read/Write (R/W) 

This signal defines the data bus transfer as a read or write 
cycle. The R/W signal also works in conjunction with the upper 
and lower data strobes as explained in the following paragraph. 


Upper and Lower Data Strobes (UDS, LDS) 

These signals control the data on the data bus, as shown 
in Table 13. When the R/W line is high, the processor will read 
from the data bus as indicated. When the R/W line is low, the 
processor will write to the data bus as shown. 


Table 13 Data Strobe Control of Data Bus 


UDS Do ~ Dr 

High High — __| No valid data No valid data 
Valid data bits Valid data bits 

Low Low High 8~15 O~7 


Ba eae ie 


High | Low | High | No valid data eee bits 


Valid data bits 






























Low High High 8~ 15 No valid data 
7 see Valid data bits Valid data bits 

Low Low Low 8~ 15 O~7 
Valid data bits Valid data bits 

High Low Low O~7* O~7 
Valid data bits Valid data bits 





* These conditions are a result of current implementation and may not 
appear on future devices 


Data Transfer Acknowledge (DTACK) 

This input indicates that the data transfer is completed. 
When the processor recognizes DTACK during a read cycle, 
data 1s latched and the bus cycle terminated When DTACK 
is recognized during a write cycle, the bus cycle ts terminated. 
(Refer to ASYNCHRONOUS VERSUS SYNCHRONOUS OP- 
ERATION) 





BUS ARBITRATION CONTROL 
These three signats form a bus arbitration circuit to deter- 
mine which device will be the bus master device. 


Bus Request (BR) 

This input is wire ORed with all other devices that could 
be bus masters. This input indicates to the processor that 
some other device desires to become the bus master. 


Bus Grdnt (BG) 

This output indicates to all other potential bus master 
devices that the processor will release bus control at the end 
of the current bus cycle. 


Bus Grand Acknowledge (BGACK) 

This input indicates that some other device has become the 
bus master This signal cannot be asserted until the following 
four conditions are met 

(1) A Bus Grant has been received 

(2) Address Strobe is inactive which indicates that the 

microprocessor is not using the bus 

(3) Data Transfer Acknowledge is inactive which indicates 
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that neither memory nor peripherals are using the bus 
(4) Bus Grant Acknowledge is inactive which indicates that 
no other device is still claiming bus mastership. 


INTERRUPT CONTROL (IPL,, IPL,, IPL.) 

These input pins indicate the encoded priority lével of the 
device requesting an interrupt Level seven is the highest priority 
while level zero indicates that no interrupts are requested. 
Level seven can not be masked. The least significant bit is given 
in TPLo and the most significant bit is contained in IPL. 
These lines must remain stable until the processor signals inter- 
rupt acknowledge (FCo ~ FC2 are all high) to insure that the 
interrupt is recognized. 


SYSTEM CONTROL 

The system control inputs are used to either reset or halt 
the processor and to indicate to the processor that bus errors 
have occurred The three system control inputs are explained 
in the following paragraphs. 


Bus Error (BERR) 

This input informs the processor that there is a problem 
with the cycle currently being executed. Problems may be a 
result of. 

(1) Nonresponding devices 

(2) Interrupt vector number acquisition failure 

(3) Illegal access request as determined by a memory man- 

agement unit 

(4) Other application dependent errors. 

The bus error signal interacts with the halt signal to deter- 
mine if exception processing should be performed or if the 
current bus cycle should be retried. 

Refer to BUS ERROR AND HALT OPERATION paragraph 
for additional information about the interaction of the bus 
error and halt signals. 


Reset (RES) 

This bidirectional signal line acts to reset (initiate a system 
initialization sequence) the processor in response to an external 
reset signal. An internally generated reset (result of a RESET 
instruction) causes all external devices to be reset and the 
internal state of the processor 1s not affected. A total system 
reset (processor and external devices) is the result of external 
HALT and RESET signals applied at the same time. Refer to 
RESET OPERATION paragraph for additional information 
about reset operation. 


Halt (HALT) 

When this bidirectional line is driven by an external device, 
it will cause the processor to stop at the completion of the 
current bus cycle. When the processor has been halted using 
this input, all control signals are inactive and all three-state lines 
are put in their high-impedance state. Refer to BUS ERROR 
AND HALT OPERATION paragraph for additional information 
about the interaction between the halt and bus error signals. 

When the processor has stopped executing instructions, such 
as in a double bus fault condition, the halt line is driven by the 
processor to indicate to external devices that the processor has 


stopped. 
HMCS6800 PERIPHERAL CONTROL 
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Enable (E) 

This signal is the standard enable signal common to all 
HD6800 type peripheral devices. The period for this output is 
ten 68000 clock periods (six clocks low; four clocks high). En- 
able is generated by an internal ring counter which may come 
up in any state (i.e., at power on, it is impossible to guarantee 
phase relationship of E to CLK), E is a free-running clock and 
runs regardless of the state of the bus on the MPU. 


Valid Peripheral Address (VPA) 

This input indicates that the device or region addressed is a 
HD6800 family device and that data transfer should be syn- 
chronized with the enable (E) signal. This input also indicates 
that the processor should use automatic vectoring for an inter- 
rupt. Refer to INTERFACE WITH HD6800 PERIPHERALS. 
ALS. 


Valid Memory Address (VMA) 

This output is used to indicate to HD6800 peripheral devices 
that there is a valid address on the address bus and the processor 
is synchronized to enable. This signal only responds to a valid 
peripheral address (VPA) input which indicates that the periph- 
eral is a HD6800 family device. 


PROCESSOR STATUS (FC), FC,, FC) 

These function code outputs indicate the state (user or 
supervisor) and the cycle type currently being executed, as 
shown in Table14. The information indicated by the function 
code outputs is valid whenever address strobe (AS) is active. 


Table 14 Function Code Outputs 


FC: Cycle Type 
Low (Undefined, Reserved) 
Low Low | High | User Data 


User Program 
(Undefined, Reserved) 
(Undefined, Reserved) 

Superviser Data 
Supervisor Program 
Interrupt Acknowledge 


CLOCK (CLK) 

The clock input is a TTL-compatible signal that is internally 
buffered for development of the internal clocks needed by the 
processor. The clock input should not be gated off at any time, 
and the clock signal must conform to minimum and maximum 
pulse width time. 


SIGNAL SUMMARY 
Table 15 is a summary of all the signals discussed in the 
previous paragraphs. 


@ BUS OPERATION 

The following paragraphs explain control signal and bus 
operation during data transfer operations, bus arbitration, bus 
error and halt conditions, and reset operation. 





These control signals are used to allow the interfacing of syn- 
chronous HD6800 peripheral devices with the asynchronous 
68000. These signals are explained in the following paragraphs. 
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Table 15 Signal Summary 








same State 
Address Bus [A= An | eutpat | Pyes_| ves 
Data Bus [De~Dis | _ input/output —— v8 
Address Strobe output | tow —+|_yes_| no 
Rear en ee 
Upper and Lower Data Strobes UDS, LDS | output = is] itowStidT~Csoss’ ss] 
Data Transfer Acknowledge DTACK | input S| itowtidT:C sats” no 
Bus Request = no 
Bus Grant [tow | no | no 
Bus Grant Acknowledge [BACK | inpt | ~SSitw iY St | 
interrupt Priority Level [PCy PL, ; | input ——*d [no | ne 
Bus Eror ea ese San eS Se aL a OO 
Reset ed. Saeed a a no" 
Halt | HALT | input/output | tow | to* | rto” 
Valid Memary Address [WMA | output | tow ~*~ yes] no 
Valid Peripheral Adares [wea «| ~SSinpt Si Sit dS 
Funetion Code Output [FE FC, FC; | output —~(|—=éigh —S=«d;SCves |i 
Clock [ck «| input «| Sigh Sid Snot 
samen 7 
Ground A SO SO 
* Open drain 


DATA TRANSFER OPERATIONS 

Transfer of data between devices involve the following leads: 

(1) Address Bus A, through A23 

(2) Data Bus Dp through D,, 

(3) Control Signals 

The address and data buses are separate parallel buses used 
to transfer data using an asynchronous bus structure. In all 
cycles, the bus master assumes responsibility for deskewing 
all signals it issues at both the start and end of a cycle. In 
addition, the bus master is responsible for deskewing the ac- 
knowledge and data signals from the slave device. 

The following paragraphs explain the read, write, and read- 
modify-write cycles. The indivisible read-modify-write cycle 
is the method used by the 68000 for interlocked multiprocessor 
communications. 


Read Cycle 

During a read cycle, the processor receives data from memo- 
ry or a peripheral device. The processor reads bytes of data 
in all cases. If the instruction specifies a word (or double word) 
Operation, the processor reads both upper and lower bytes 
simultaneously by asserting both upper and lower data strobes. 
When the instruction specifies byte operation, the processor 
uses an internal Ao bit to determine which byte to read and 
then issues the data strobe required for that byte. For bytes 
operations, when the Ao bit equals zero, the upper data strobe 
is issued. When the Ao bit equals one, the lower data strobe is 
issued. When the data is received, the processor correctly posi- 
tions it internally. 

A word read cycle flow chart is given in Figure 15. A byte 


read cycle flow chart is given in Figure 16. Read cycle timing is 
given in Figure 17. Figure 18 details word and byte read cycle 
operations. Refer to these illustrations during the following 
detailed. 

At state zero (SO) in the read cycle, the address bus (A, 
through A.3) is in the high impedance state. A function code 
is asserted on the function code output line (FC through FC;). 
The read/write (R/W) signal is switched high to indicate a read 
cycle. One half clock cycle later, at state 1, the address bus is 
released from the high impedance state. The function code 
outputs indicate which address space that this cycle will operate 
on. 

In state 2, the address strobe (AS) is asserted to indicate that 
there is a valid address on the address bus and the upper and 
lower data strobe (UDS, LDS) is asserted as required. The mem- 
ory or peripheral device uses the address bus and the address 
strobe to determine if it has been selected. The selected device 
uses the read/write signal and the data strobe to place its infor- 
mation on the data bus. Concurrent with placing data on the 
data bus, the selected device asserts data transfer acknowledge 
(DTACK). 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. At the end of state 6 
(beginning of state 7) incoming data is latched into an internal 
data bus holding register. 

During state 7, address strobe and the upper and/or lower 
data strobes are negated. The address bus is held valid through 
state 7 to allow for static memory operation and signal skew. 
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BUS MASTER SLAVE 


Address Device 
1) Set R/W to Read 
2) Place Function Code on FCo ~ FC, 
3) Place Address on A; ~ A323 
4) Assert Address Strobe (AS) 
5) Assert Upper Data Strobe (UDS) and Lower 
Data Strobe (CDS) 


| 


input Data 
1) Decode Address 
2) Place Data on Do ~ Di; 
3) Assert Data Transfer Acknowledge 
(DTACK) 


| 


Acquire Data 
1) Latch Data 
2) Negate UDS and LOS 
3) Negate AS 


| 


Terminate Cycle 
1) Remove Data from Do ~D,; 
2) Negate OTACK 





| 
1 


Start Next Cycle 


Figure 15 Word Read Cycle Flow Chart 
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BUS MASTER SLAVE 


Address Device 
1) Set R/Wto Read 
2) Place Function Code on FCy ~ FC, 
3) Place Address on A; ~A23 
4) Assert Address Strobe (AS) 
5) Assert Upper Data Strobe (UDS) or Low- 
er Data Strobe (LDS) (based on Ao) 


| 


input Data 
1) Decode Address 
2) Place Data on Do ~D, or Dy ~Di5 (based 
on UDS or LDS) 
3) Assert Data Transfer Acknowledge 
(DTACK) 





Acquire Data 
1) Latch Data 
2) Negate UDS or LDS 
3) Negate AS 


| 


Terminate Cycle 


1) Remove Data from Do ~ D7 or Dy ~ Dis 
2) Negate DTACK 





Start Next Cycle 


Figure 16 Byte Read Cycle Flow Chart 


SO Si S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 SS S6 S7 SO S1 S2 S3 S46 w w w w SS S6 S7 


CLK 
Ai ~Aas 
AS 

Uos 


tos 
RW 




















--- - — Read — — +. — — — Write — — —e[—-— — — — SlowRead—- — — -+ 


Figure 17 Read and Write Cycle Timing Diagram 
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SO $1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 $7 


| a 2 


Cc 


D 


Los / \ / \ / 


R/W 


BI eI ee Ne J 


*Internal Signal Only 


-~ ---- Word Read —- — + --- -Odd Byte Read - ~ +} -— Even Byte Read --+| 


Figure 18 Word and Byte Read Cycle Timing Diagram 


The read/write signal and the function code outputs also remain 
valid through state 7 to ensure a correct transfer operation. The 
slave device keeps its data asserted until it detects the negation 
of either the address strobe or the upper and/or lower data 
strobe. The slave device must remove its data and data transfer 
acknowledge within one clock period of recognizing the nega- 
tion of the address or data strobes. Note that the data bus might 
not become free and data transfer acknowledge might not be 
removed until state 0 or 1. 

When address strobe is negated, the slave device is released. 
Note that a slave device must remain selected as long as address 
Strobe is asserted to ensure the correct functioning of the read- 
modify-write cycle. 


Write Cycle 

During a write cycle, the processor sends data to memory 
or a peripheral device. The processor writes bytes of data in 
all cases. If the instruction specifies a word operation, the pro- 
cessor writes both bytes. When the instruction specifies a byte 
operation. the processor uses an internal Ao bit to determine 
which byte to write and then issues the data strobe required 
for that byte. For byte operations, when the Ao bit equals zero, 
the upper data strobe is issued. When the Ao bit equals one, 
the lower data strobe 1s issued. A word write cycle flow chart is 
given in Figure 19. A byte write cycle flow chart is given in 
Figure 20. Write cycle timing is given in Figure 17. Figure 21 
details word and byte write cycle operation. Refer to these 
illustrations during the following detailed discussion. 

At state zero (SO) in the write cycle, the address bus (A, 
through A.3) is in the high impedance state. A function code is 
asserted on the function code output line (FCo through FC). 


(NOTE) The read/write (R/W) signal remains high until state 2 to pre- 
vent bus conflicts with preceding read cycles. The data bus is 
not driven until state 3. 


One half clock later, at state 1, the address bus is released 
from the high impedance state. The function code outputs 
indicate which address space that this cycle will operate on. 

In state 2, the address strobe (AS) is asserted to indicate 
that there is a valid address on the address bus. The memory 
or peripheral device uses the address bus and the address strobe 
to determine if it has been selected. During state 2, the read/ 
write signal is switched low to indicate a write cycle. When 
external processor data bus buffers are required, the read/write 
line provides sufficient directional control. Data is not asserted 
during this state to allow sufficient turn around time for ex- 
ternal data buffers (if used). Data is asserted onto the data bus 
during state 3. 

In state 4, the data strobes are asserted as required to indi- 
cate that the data bus is stable. The selected device uses the 
read/write signal and the data strobes to take its information 
from the data bus. The selected device asserts data transfer 
acknowledge (DTACK) when it has successfully stored the data. 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. 

During state 7, address strobe and the upper and/or lower 
data strobes are negated. The address and data buses are held 
valid through state 7 to allow for static memory operation and 
signal skew. The read/write signal and the function code outputs 
also remain valid through state 7 to ensure a correct transfer 
operation. The slave device keeps its data transfer acknowledge 
asserted until it detects the negation of either the address strobe 
or the upper and/or lower data strobe. The slave device must 
remove its data transfer acknowledge within one clock period 
after recognizing the negation of the address or data strobes. 
Note that the processor releases the data bus at the end of state 
7 but that data transfer acknowledge might not be removed 
until state O or 1. When address strobe is negated, the slave 
device is released. 
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1) 
2) 


4) 
5) 
6) 


BUS MASTER SLAVE 


Address Device 


Place Function Code on FC, ~ FC, 
Piace Address on A; ~ A23 

Assert Address strobe (AS) 

Set R/W to Write 

Place Data on Do ~ Dis 

Assert Upper Data Strobe (UDS) and 
Lower Data Strobe (LDS) 


| 


Input Data 
1) Decode Address 
2) Store Data on Dy ~ Dis 


3) Assert Data Transfer Acknowledge 
(OTACK) 


| 


Terminate Output Transfer 
Negate UDS and LDS 
Negate AS 
Remove Data from Dy, ~ 045 
Set R/W to Read 


Terminate Cycle 
1) Negate DTACK 


| 


; 


Start Next Cycle 


Figure 19 Word Write Cycle Flow Chart 
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BUS MASTER SLAVE 


Address Device 


Place Function Code on FCy ~ FC, 

Place Address on A, ~ Aj3 

Assert Address Strobe (AS) 

Set R/W to Write 

Place Data on D, ~ D, or Dy ~ Dis (according 
to Ao) 

Assert Upper Data Strobe (UDS) or Lower 
Data Strobe (LDS) (based on Ao) 


Input Data 
1) Decode Address 
2) Store Data on D, ~ D, if LDS 1s asserted 
Store Data on D, ~ D,; 1f UDS ts asserted 


3) Assert Data Transfer Acknowledge 
(DTACK) 


Terminate Output Transfer 


Negate UDS and LOS 

Negate AS 

Remove Data from Dy ~ D7 or Dy, ~ Dis 
Set R/W to Read 


Terminate Cycle 
1) Negate DTACK 


Start Next Cycle 


Figure 20 Byte Write Cycle Flow Chart 
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“Internal Signal Only 


| — — — Word Write — -— ae — -Odd Byte Write - - —- oa — -Even Byte Write - — -+| 


Figure 21 


Word and Byte Write Cycle Timing Diagram 
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Read-Modify-Write Cycle 

The read-modify-write cycle performs a read, modifies the 
data in the arithmetic-logic unit, and writes the data back to the 
same address. In the 68000 this cycle is indivisible in that 
the address strobe is asserted throughout the entire cycle. The 
test and set (TAS) instruction uses this cycle to provide mean- 
ingful communication between processors in a multiple pro- 
cessor environment. This instruction is the only instruction that 
uses the read-modify-write cycle and since the test and set in- 
Struction only operates on bytes, all read-modify-write cycles 
are byte operations. A read-modify-write cycle flow chart is 
given in Figure 22 and a timing diagram is given in Figure 23. 
Refer to these illustrations during the following detailed discus- 
sions. 

At state zero (SO) in the read-modify-write cycle, the address 
bus (A, through A,3) is in the high impedance state. A function 
code is asserted on the function code output line (FCy through 
FC,). The read/write (R/W) signal is switched high to indicate 
a read cycle. One half clock cycle later, at state 1, the address 
bus is released from the high impedance state. The function 
code outputs indicate which address space that this cycle will 
operate on. 

In state 2, the address strobe (AS) is asserted to indicate that 
there is a valid address on the address bus and the upper or 
lower data strobe (UDS, LDS) is asserted as required. The mem- 
ory or peripheral device uses the address bus and the address 
strobe to determine if it has been selected. The selected device 
uses the read/write signal and the data strobe to place its infor- 
mation on the data bus. Concurrent with placing data on the 
data bus, the selected device asserts data transfer acknowledge 





___ (DTACK). 


Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. At the end of state 6 
(beginning of state 7) incoming data is latched into an internal 
data bus holding register. 

During state 7, the upper or lower data strobe is negated. 
The address bus, address strobe, read/write signal, and function 
code outputs remain as they were in preparation for the write 
portion of the cycle. The slave device keeps its data asserted 
until it detects the negation of the upper or lower data strobe. 
The slave device must remove its data and data transfer ac- 
knowledge within one clock period of recognizing the negation 
of the data strobes. Internal modification of data may occur 
from state 8 to state 11. 


(NOTE) The read/write signal remains high until state 14 to prevent bus 
conflicts with the preceding read portion of the cycle and the 
data bus is not asserted by the processor until state 15. 


In state 14, the read/write signal is switched low to indicate 
a write cycle. When external processor data bus buffers are 
required, the read/write line provides sufficient directional 
control. Data is not asserted during this state to allow sufficient 
turn around time for external data buffers (if used). Data is 
asserted onto the data bus during state 15. 

In state 16, the data strobe is asserted as required to indicate 


that the data bus is stable. The selected device uses the read/ 
write signal and the data strobe to take its information from the 
data bus. The selected device asserts data transfer acknowledge 
(DTACK) when it has successfully stored its data. 


Data transfer acknowledge must be present at the processor 
at the start of state 17 or the processor will substitute wait 
states for states 17 and 18. State 17 starts the synchronization 
of the returning data transfer acknowledge for the write portion 
of the cycle. The bus interface circuitry issues requests for 
subsequent internal cycles during state 18. 

During state 19, address strobe and the upper or lower data 
strobe is negated. The address and data buses are held valid 
through state 19 to allow for static memory operation and 
signal skew. The read/write signal and the function code outputs 
also remain valid through state 19 to ensure a correct transfer 
operation. The slave device keeps its data transfer acknowledge 
asserted until it detects the negation of either the address strobe 
or the upper or lower data strobe. The slave device must remove 
its data transfer acknowledge within once clock period after 
recognizing the negation of the address or data strobes. Note 
that the processor releases the data bus at the end of state 19 
but that data transfer acknowledge might not be removed until 
state 0 or 1. When address strobe is negated the slave device is 
released. 





BUS ARBITRATION 

Bus arbitration is a technique used by master-type devices 
to request, be granted, and acknowledge bus mastership. In its 
simplest form, it consists of: 

(1) Asserting a bus mastership request. 

(2) Receiving a grant that the bus is available at the end of 

the current cycle. 

(3) Acknowledging that mastership has been assumed. 

Figure 24 is a flow chart showing the detail involved in a 
request from a single device. Figure 25 is a timing diagram for 
the same operations. This technique allows processing of bus 
requests during data transfer cycles. 

The timing diagram shows that the bus request is negated 
at the time that an acknowledge 1s asserted. This type of oper- 
ation would be true for a system consisting of the processor 
and one device capable of bus mastership. In systems having 
a number of devices capable of bus mastership, the bus request 
line from each device is wire ORed to the processor. In this 
system, it is easy to see that there could be more than one bus 
request being made. The timing diagram shows that the bus 
grant signal is negated a few clock cycles after the transition 
of the acknowledge (BGACK;) signal. 

However, if the bus requests are still pending, the processor 
will assert another bus grant within a few clock cycles after 
it was negated. This additional assertion of bus grant allows 
external arbitration circuitry to select the next bus master 
before the current bus master has completed its requirements. 
The following paragraphs provide additional information about 
the three steps in the arbitration process. 
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BUS MASTER SLAVE 





Address Device 
1) Set R/W to Read 
2) Place Function Code on FCy ~ FC; 
3) Place Address on A; ~ A23 
4) Assert Address Strobe (AS) 
5) Assert Upper Data Strobe (UDS) or 
Lower Data Strobe (LDS) 










_Input Data 
1) Decode Address 
2) Place Data on Dy ~D; or Ds ~Di5 
3) Assert Data Transfer Acknowledge 





(OTACK) 













Acquire Data 


1) Latch Data 
2) Negate UDS or LDS 
3) Start Data Modification Terminate Cycle 


1) Remove Data from Do ~ D0; or Dy ~ Di; 


2) Negate DTACK 


Start Output Transfer 
1) Set R/W to Write 
2) Place Data on Dp ~D7 or Ds ~ Dis 
3) Assert Upper Data Strobe (UDS) or Lower 
Data Strobe (LDS) 


input Data 


1) Strobe Data on Dp ~D;, or Dy ~ Dis 
2) Assert Data Transfer Acknowledge 
(DTACK) 









Terminate Output Transfer 


1) Negate UDS or LDS 
2) Negate AS 
3) Remove Data from Do ~ D> or Ds ~ Dis 


4) Set R/W to Read 
Terminate Cycle 


1) Negate DTACK 


aca nia as 


Start Next Cycle 


Figure 22 Read-Modify-Write Cycle Flow Chart 


SO S1 S2 S3 S4 SS S6 S7 S8 $9 S10S11S12S13S14S15S16S17S18S19 





je— --- - —- - - -—— Indivisible Cycle - -- ---- -- - > 


Figure 23 Read-Modify-Write Cycle Timing Diagram 
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PROCESSOR REQUESTING DEVICE 


Request the Bus 
1) Assert Bus Request (BR) 


| 


Grant Bus Arbitration 
1) Assert Bus Grant (BG) 


Acknowledge Bus Mastership 


External arbitration determines next bus 
master 

Next bus master waits for current cycle to 
complete 

Next bus master asserts Bus Grant 
Acknowledge (BGACK) to become new 
master ots 

Bus master negates BR 


Sy 





= 


| 


Terminate Arbitration 


1) Negate BG (and wait for BGACK to be 
negated) 





! 


Operate as Bus Master 
1) Perform Data Transfers (Read and Write 


cycles) according to the same rules the pro- 


cessor uses. | 


Release Bus Mastership 
1) Negate BGACK 


Re-Arbitrate or Resume Processor 
Operation 


Figure 24 Bus Arbitration Cycle Flow Chart 


Requesting the Bus 

External devices capable of becoming bus masters request 
the bus by asserting the bus request (BR) signal. This is a wire 
ORed signal (although it need not be constructed from open 
collector devices) ‘that indicates to the processor that some 
external device requires control of the external bus. The pro- 
cessor is effectively at a lower bus priority level that the ex- 
ternal device and will relinquish the bus after it has completed 
the last bus cycle it has started. 

When no acknowledge is received before the bus request 
signal goes inactive, the processor will continue processing 
when it detects that the bus request is inactive. This allows 
ordinary processing to continue if the arbitration circuitry 
responded to noise inadvertently. 


Receiving the Bus Grant = 

The processor asserts bus grant (BG) as soon as possible. 
Normally this is immediately after internal synchronization. 
The only exception to this occurs when the processor has made 
an internal decision to execute the next bus cycle but has not 
progressed far enough into the cycle to have asserted the address 
strobe (AS) signal. In this case, bus grant will not be asserted 
until one clock after address strobe is asserted to indicate to 
external devices that a bus cycle is being executed. 

The bus grant signal may be routed through a daisy-chained 
network or through a specific priority-encoded network. The 
processor is not affected by the external method of arbitration 
as long as the protocol is obeyed. 


Acknowledgement of Mastership 

Upon receiving a bus grant, the requesting device waits 
until address strobe, data transfer acknowledge, and bus grant 
acknowledge are negated before issuing its own BGACK. The 
negation of the address strobe indicates that the previous 
master has completed its cycle, the negation of bus grant 
acknowledge indicates that the previous master has released 
the bus. (While address strobe is asserted no device is allowed 
to “break into” a cycle.) The negation of data transfer acknowl- 
edge indicates the previous slave has terminated its connection 
to the previous master. Note that in some applications data 
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Processor — -o}-— ~ DMA Device abo —--- Processor - —- — _—— - - DMA Device ~ - - - 


Figure 25 Bus Arbitration Cycle Timing Diagram 
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transfer acknowledge might not enter into this function. Gen- 
eral purpose devices would then be connected such that they 
were only dependent on address strobe. When bus grant ac- 
knowledge is issued the device is bus master until it negates 
bus grant acknowledge. Bus grant acknowledge should not be 
negated until after the bus cycle(s) is (are) completed. Bus 
mastership is terminated at the negation of bus grant acknowl- 
edge. 

The bus request from the granted device should be drop- 
ped after bus grant acknowledge is asserted. If a bus request 
is still pending, another bus grant will be asserted within a few 
clocks of the negation of bus grant Refer to Bus Arbitration 
Control section. Note that the processor does not perform 
any external bus cycles before it re-asserts bus grant. 


BUS ARBITRATION CONTROL 

The bus arbitration control unit in the 68000 is implemented 
with a finite state machine. A state diagram of this machine is 
shown in Figure 26. All asynchronous signals to the 68000 are 
synchronized before being used internally. This synchronization 
is accomplished in a maximum of one cycle of the system clock, 
assuming that the asynchronous input setup time (47) has 





R = Bus Request Internal 

A = Bus Grant Acknowledge Internal 

G = Bus Grant 

T = Three-State Control to Bus Contro! Logic* * 
X = Don’t Care 


* State machine will not change state :f bus is in SO. Refer to BUS 


ARBITRATION CONTROL for additional information. 


** The address bus will be placed in the high impedance state if T Is 


asserted and AS is negated. 


Figure 26 State Diagram of 68000 Bus 
Arbitration Unit 
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been met (see Figure 27). The input signal is sampled on the 
falling edge of the clock and is valid internally after the next 
falling edge. 

As shown in Figure 26, input signals labeled R and A are 
internally synchronized on the bus request and bus grant 
acknowledge pins respectively. The bus grant output is lebeled 
G and the internal three-state control signal T. If T is true, the 
address, data, function code line, and control buses are placed 
in a high-impedance state when AS is negated. All signals are 
shown in positive logic (active high) regardless of their true 
active voltage level. 

State changes (valid outputs) occur on the next rising edge 
after the internal signal 1s valid. 

A timing diagram of the bus arbitration sequence during a 
processor bus cycle 1s shown in Figure 28. The bus arbitration 
sequence while the bus 1s inactive (ie., executing internal 
Operations such as a multiply instruction) 1s shown in Figure 29. 

If a bus request 1s made at a time when the MPU has already 
begun a bus cycle but AS has not been asserted (bus state SO), 
BG will not be asserted on the next rising edge. Instead, BG will 
be delayed until the second rising edge following it’s internal 
assertion. This sequence 1s shown in Figure 30. 


Internal Signal Valid 


External Signal Sampled ae 


CLK 


BR (External) 


47, 


BR (internal) OO 


Figure 27 Timing Relationship of External Asynchronous 
Inputs to Internal Signals 
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Bus released from three state and 
Processor starts next bus cycle 

BGACK negated internal 
BGACK sampled 
BGACK negated 


Bus three stated 


BG asserted 

BR valid internal 

BR sampled 

BR asserted | | 
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BGACK 
A, ~Aas 
AS 
UDS 
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FCo ~ FC, 
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Figure 28 Bus Arbitration During Processor Bus Cycle 


Bus released from three state and processor starts next bus cycle 
BGACK negated 
BG asserted and bus three stated 


BR valid internal 
BR sampled 


BR asserted 
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Figure 29 Bus Arbitration with Bus Inactive 
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Bus released from three state and 
Processor starts next bus cycle 
BGACK negated internal 
BGACK sampled 
BGACK negated 
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Bh a 
Processor Alternate Bus Master Processor 


Figure 30 Bus Arbitration During Processor Bus Cycle Special Case 


BUS ERROR AND HALT OPERATION 

In a bus architecture that requires a handshake from an ex- 
ternal device, the possibility exists that the handshake might not 
occur. Since different systems will require a different maximum 
response time, a bus error input is provided. External circuitry 
must be used to determine the duration between address strobe 
and data transfer acknowledge before issuing a bus error signal. 
When a bus error signa! is received, the processor has two 
options initiate a bus error exception sequence or try running 
the bus cycle again. 


Exception Sequence 

When the bus error signal is asserted, the current bus cycle 
is terminated. If BERR is asserted before the falling edge of 
S2, AS will be negated in S7 in either a read or write cycle. 
As long as BERR remains asserted, the data and address buses 
will be in the high-impedance state. When BERR is negated, 
the processor will begin stacking for exception processing. 
Figure 31 is a timing diagram for the exception sequence. 
The sequence is composed of the following elements. 

(1) Stacking the program counter and status register 

(2) Stacking the error information 

(3) Reading the bus error vector table entry 

(4) Executing the bus error handler routine 

The stacking of the program counter and the status register 
is the same as if an interrupt had occurred Several additional 











items are stacked when a bus error occurs. These items are used 
to determine the nature of the error and correct it, if possible. 
The bus error vector is vector number two located at address 
$000008. The processor loads the new program counter from 
this location. A software bus error handler routine is then 
executed by the processor. Refer to EXCEPTION PROCESS- 
ING for additional information. 


Re-Running the Bus Cycle 

When, during a bus cycle, the processor receives a bus error 
signal and the halt pin is being driven by an external device, 
the processor enters the re-run sequence. Figure 32 1s a timing 
diagram for re-running the bus cycle. 

The processor terminates the bus cycle, then puts the address 
and data output lines in the high-impedance state. The processor 
remains “halted,” and will not run another bus cycle until the 
halt signal is removed by external logic. Then the processor 
will re-run the previous bus cycle using the same address, the 
same function codes, the same data (for a write operation), and 
the same controls. The bus error signal should be removed at 
least one clock cycle before the halt signal is removed. 


(NOTE) The processor will not re-run a read-modify-write cycle. This 
restriction 1s made to guarantec that the entire cycle runs cor- 
rectly and that the write operation of a Test-and-Set operation 
is performed without ever releasing AS. If BERR and HALT 
are asserted during a read-modify-write bus cycle, a bus error 
operation results. 
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SO $2 $4 SW SW Sw SW $6 S8 SO $2 $4 
AS \ { N \ 
LDOS/UDS \ / N \ 


Initiate Bus 


Initiate 
je — ole — - Response Failure- — as iil — — — Bus Error Detection- — — ~»l<- -=- -_ 
aac. : Error Stacking 


Read 


Figure 31. Bus Error Timing Diagram 





Figure 32 Re-Run Bus Cycle Timing Information 


Halt Operation with No Bus Error 

The halt input signal to the 68000 perform a Halt/Run/ 
Single-Step function in a similar fashion to the HD6800 halt 
function. The halt and run modes are somewhat self explana- 
tory in that when the halt signal is constantly active the proces- 
sor “halts” (does nothing) and when the halt signal is constantly 
inactive the processor “runs” (does something). 

The single-step mode is derived from correctly timed transi- 
tions on the halt signal input. It forces the processor to execute 
a single bus cycle by entering the ‘trun’? mode until the pro- 
cessor starts a bus cycle then changing to the ‘‘halt’’ mode. 
Thus, the single-step mode allows the user to proceed through 
(and therefore debug) processor operations one bus cycle at a 


time. 
Figure 33 details the timing required for correct single-step 


operations and Figure 34 shows a simple circuit for providing 
the single-step function. Some care must be exercised to avoid 
harmful interactions between the bus error signal and the halt 


pin when using the single cycle mode as a debugging tool. This 
is also true of interactions between the halt and reset lines 
since these can reset the machine. 

When the processor completes a bus cycle after recognizing 
that the halt signal is active, most three-state signals are put 
in the high-impedance state. These include: 

(1) Address lines 

(2} Data lines 

This is required for correct performance of the re-run bus 
cycle operation. 

While the processor is honoring the halt request, bus arbitra- 
tion performs as usual. That is, halting has no effect on bus 
arbitration. It is the bus arbitration function that removes the 
control signals from the bus. 

The halt function and the hardware trace capability allow 
the hardware debugger to trace single bus cycles or single in- 
structions at a time. These processor capabilities, along with 
a software debugging package, give total debugging flexibility. 
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DTACK 
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Figure 33 Halt Signal Timing Characteristics 


+5V 


foe |} 
MODE 
SINGLE 
STEP : 
MODE 
+5V 


STEP 
i STEP 


WAIT 


RUN/SINGLE STEP 





+5V 


= HALT 


(To Processor) 


* OPEN COLLECTOR 
DEVICE 


STEP 


: Cx AS (From Processor) 


RESET 


Figure 34 Simplified Single-Step Circuit 


Double Bus Faults 

When a bus error exception occurs, the processor will at- 
tempt to stack several words containing information about 
the state of the machine. If a bus error exception occurs during 
the stacking operation, there have been two bus errors in a row. 
This is commonly referred to as a double bus fault. When a 
double bus fault occurs, the processor will halt. Once a bus 
error exception has occurred, any bus error exception occurring 
before the execution of the next instruction constitutes a dou- 
ble bus fault. 

Note that a bus cycle which 1s re-run does not constitute a 
bus error exception, and does not contribute to a double bus 


fault. Note also that this means that as long as the external 
hardware requests it, the processor will continue to re-run 
the same bus cycle. 

The bus error pin also has an effect on processor operation 
after the processor receives an external reset input The pro- 
cessor reads the vector table after a reset to determine the ad- 
dress to start program execution. If a bus error occurs while 
reading the vector table (or at any time before the first instruc- 
tion 1s executed), the processor reacts as if a double bus fault 
has occurred and it halts. Only an external reset will start a 
halted processor. 
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RESET OPERATION 

The reset signal is a bidirectional signal that allows either the 
processor or an external signal to reset the system. Figure 35 
is a timing diagram for the reset operations. Both the halt and 
reset lines must be asserted to ensure total reset of the pro- 
cessor. 

When the reset and halt lines are driven by an external 
device, it is recognized as an entire system reset, including 
the processor. The processor responds by reading the reset 
vector table entry (vector unumber zero, address $000000) 
and loads it into the supervisor stack pointer (SSP). Vector 
table entry number one at address $000004 is read next and 
loaded into the program counter. The processor initializes 
the status register to an interrupt level of seven. No other 


CLK 
Plus 5 Volts- ——=—-—ome 


registers are affected by the reset sequence. 

When a RESET instruction is executed, the processor drives 
the reset pin for 124 clock periods. In this case, the processor 
is trying to reset the rest of the system. Therefore, there is 
no effect on the internal state of the processor. All of the 
processor’s internal registers and the status register are un- 
affected by the execution of a RESET instruction. All external 
devices connected to the reset line should be reset at the com- 
pletion of the RESET instruction. 

Asserting the Reset and Halt pins for 10 clock cycles will 
cause a processor reset, except when Vcc is initially applied 
to the processor. In this case, an external reset must be applied 
for 100 milliseconds. 


Vv 
ee je— t > 100 Milliseconds —em 


pe——sf <4 


foe (1) 4 


(NOTES) 
1) Internal start-up time 4) PC High read in here 
2) SSP High read in here 5) PC Low read in here 


3) SSP Low read in here 6) First instruction fetched here. 


(2) (3) (4) (5) (6) 


Bus State Unknown: YOOX 


All Control Signals Inactive. 
Data Bus In Read Mode: —< 


Figure 35 Reset Operation Timing Diagram 


THE RELATIONSHIP OF DTACK, BERR, AND HALT 

In order to properly control termination of a bus cycle for a 
re-run or a bus error condition, DTACK, BERR, and HALT 
should be asserted and negated on the rising edge of the 
68000 clock. This will assure that when two signals are asserted 
simultaneously, the required setup time (47) for both of them 
will be met during the same bus state. 

This, or some equivalent precaution, should be designed 
external to the 68000. Parameter #48 is intended to ensure this 
operation in a totally asynchronous system, and may be ignored 
if the above conditions are met. 

The preferred bus cycle terminations, may be summarized 
as follows (case numbers refer to Table 16): 

Normal Termination: DTACK occurs first (case 1). 

Halt Termination: is asserted at the same time or 
before DTACK and BERR remains 
negated (cases 2 and 3). 

Bus Error Termination: BERR is asserted in lieu of, at the same 

time, or before DTACK (case 4); BERR 

is negated at the same time or after 

DTACK. 

HALT and BERR are asserted in lieu 

of, at the same time, or before DTACK 





Re-Run Termination: 


(cases 6 and 7); HALT must be held at 
least one cycle after BERR. Case 5 in- 


dicates BERR may precede HALT 
which allows fully asynchronous asser- 
tion. 

Table 16 details the resulting bus cycle termination under 
various combinations of control signal sequences. The nega- 
tion of these same control signals under several conditions is 
shown in Table 17 (DTACK is assumed to be negated normal- 
ly in all cases; for best results, both DTACK and BERR should 
be negated when address strobe is negated.) 

Example A: A system uses a watch-dog timer to terminate 
accesses to un-populated address space. The timer asserts 
DTACK and BERR simultaneously after time-out. (case 4) 

Example B: A system uses error detection on RAM con- 
tents. Designer may (a) delay DTACK until data verified, and 
return BERR and HALT simultaneously to re-run error cycle 
(case 6), or if valid, return DTACK; (b) delay DTACK until 
data verified. and return BERR at same time as DTACK if 
data in error (case 4); (c) return DTACK prior to data verifica- 
tion, as described in previous section. If data invalid, BERR is 
asserted (case 1) in next cycle. Error-handling software must 
know how to recover error cycle. 
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Table 16 DTACK, BERR, HALT Assertion Results 






Asserted on Rising 














































Case No. | Control Signal! Edge of State 
DTACK A S 
1 BERR NA xX 
HALT NA x 
DTACK A S 
2 BERR NA x 
HALT A S 
DTACK NA A 
3 BERR NA NA 
HALT A S 
x 
4 S 
NA 
Xx 
5 S 
A 
X 
6 S 
S 
Xx 
7 A 
S 
gend. 
N — The number of the current even bus state (eg , S4, S6, etc ) 
A — Signal ts asserted in this bus state 
NA — Signal ts not asserted in this state 
X — Don't care 
S  — Signal was asserted in previous state and remains asserted in this state 


Result 


Normal cycle terminate and continue. 


Normal cycle terminate and halt. Continue when HALT removed. 


Normal cycle terminate and halt. Continue when HALT removed. 


Terminate and take bus error trap. 


Terminate and re-run. 


Terminate and re-run when HALT removed. 


Terminate and re-run when HALT removed. 


Table 17 BERR and HALT Negation Results 


Conditions of Negated on Rising 
Termination in = of State 


Control Signal 








Table A 
Normal ® e 

e 
Normal 





ASYNCHRONOUS VERSUS SYNCHRONOUS OPERATION 


Asynchronous Operation 

To achieve clock frequency independence at a system level, 
the 68000 can be used tn an asynchronous manner. This 
entails using only the bus handshake lines (AS, UDS, LDS, 
DTACK, BERR, HALT, and VPA) to control the data transfer. 
Using this method, AS signals the start of a bus cycle and the 
data strobes are used as a condition for valid data on a write 
cycle. The slave device (memory or peripheral) then responds by 
placing the requested data on the data bus for a read cycle 
or latching data on a wnite cycle and asserting the data transfer 
acknowledge signal (DTACK) to terminate the bus cycle. If 
no slave responds or the access is invalid, external control logic 





Results — Next Cycle 


Takes bus error trap. 

Illegal sequence; usually traps to vector number 0. 
Re-runs the bus cycle. 

May lengthen next cycle. 


If next cycle is started it will be terminated as a bus error. 


asserts the BERR, or BERR and HALT, signal to abort or 
re-run the bus cycle. 

The DTACK signal is allowed to be asserted before the data 
from a slave device is valid on a read cycle. The length of 
time that DTACK may precede data 1s given as parameter #31 
and it must be met in any asynchronous system to insure that 
valid data is latched into the processor. Notice that there is no 
maximum time specified from the assertion of AS to the asser- 
tion of DTACK. This is because the MPU will insert wait cycles 
of one clock period each until DTACK is recognized. 

The BERR signal is allowed to be asserted after the DITACK 
signal is asserted. BERR must be asserted within the time given 
as parameter #48 after DTACK is asserted in any asynchronous 
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system to insure proper operation. If this maximum delay time 
is violated, the processor may exhibit erratic behavior. 


Synchronous Operation 

To allow for those systems which use the system clock as a 
signal to generate DTACK and other asynchronous inputs, 
the asynchronous input setup time is given as parameter #47. If 
this setup is met on an input, such as DTACK, the processor 1s 
guaranteed to recognize that signal on the next falling edge of 
the system clock. However, the converse 1s not true — if the 
input signal does not meet the setup time it 1s not guaranteed 
not to be recognized In addition, if DIACK 1s recognized 
on a falling edge, valid data will be latched into the processor 
(on a read cycle) on the next falling edge provided that the data 
meets the setup time given as parameter #27. Given this, para- 
meter #31 may be ignored. Note that if DTACK 1s asserted, 
with the required setup time, before the falling edge of S4, no 
walt status will be incurred and the bus cycle will run at its 
maximum speed of four clock penods. 

In order to assure proper operation in a synchronous system 
when BERR 1s asserted after DTACK. BERR must meet the 
setup time parameter #27A pnior to the falling edge of the clock 
one clock cycle after DIACK was recognized This setup time 
is critical to proper Operation, and the HD68000 may exhibit 
erratic behavior if 1t 1s violated 





(NOTE) 


During an active bus cycle, VPA and BERR aie sampled 
on every falling edge of the clock starting with SO 
DTACK is sampled on every falling edge of the clock 
starting with S4 and data 1s latched on the falling edge of 
S6 during a read The bus cycle will then be terminated 
in §7 except when BERR 1s asserted in the absence of 
DTACK, 1n which case it will terminate one clock cycle 
later in S9 


= PROCESSING STATES 

This section describes the actions the 68000 which are out- 
side the normal processing associated with the execution of 
instructions. The functions of the bits in the supervisor portion 
of the status register are covered: the supervisor/user bit, the 
trace enable bit, and the processor interrupt priority mask. 
Finally, the sequence of memory references and actions taken 
by the processor on exception conditions is detailed. 

The 68000 1s always in one of three processing states: 
normal, exception, or halted The normal processing state 1s 
that associated with instruction execution, the memory ref- 
erences are to fetch instructions and operands, and to store 
results A special case of the normal state 1s the stopped state 
which the processor enters when a STOP instruction is exe- 
cuted In this state, no further memory references are made 

The exception processing state 1s associated with interrupts, 
trap instructions, tracing and other exceptional conditions 
The exception may be internally generated by an instruction 
or by an unusual condition arising during the execution of 
an instruction Externally, exception processing can be forced 
by an interrupt, by a bus error, or by a reset Exception process- 
ing 18 designed to provide an efficient context switch so that 
the processor may handle unusual conditions 

The halted processing state is an indication of catastrophic 
hardware failure For example, if during the exception pro- 
cessing of a bus error another bus error occurs, the processor 


assumes that the system 1s unusable and halts Only an external 
reset can restart a halted processor. Note that a processor in the 
stopped state 1s not in the halted state, nor vice versa. 


PROCESSING STATES 











INSTRUCTION 
EXECUTION 
(INCLUDING STOP) 


INTERRUPTS 
TRAPS 
TRACING ETC. 


HARDWARE HALT 
DOUBLE BUS FAULT 


NORMAL 






EXCEPTION 





HALTED 


@ PRIVILEGE STATES 

The processor operates in one of two states of privilege 
the “user” state or the “‘supervisor” state. The privilege state 
determines which operations are legal, are used to choose 
between the supervisor stack pointer and the user stack pointer 
in instruction references, and may be used by an external 
memory management device to control and translate accesses. 

The privileges state 1s a mechanism for providing security 
in a computer system Programs should access only their own 
code and data areas, and ought to be restricted from accessing 
information which they do not need and must not modify. 

The privilege mechanism provides security by allowing 
most programs to execute in user state. In this state, the ac- 
cesses are controlled, and the effects on other parts of the 
system are limited. The operating system executes in the super- 
visor state, has access to all resources, and performs the over- 
head tasks for the user state programs 


SUPERVISOR STATE 

The supervisor state is the higher state of privilege. For 
instruction execution, the supervisor state 1s determined by 
the S-bit of the status register, if the S-bit 1s asserted (high), 
the processor 1s in the supervisor state. All instructions can be 
executed in the supervisor state. The bus cycles generated by 
instructions executed in the supervisor state are classified as 
supervisor references. While the processor 1s in the supervisor 
privilege state, those instructions which use either the system 
stack pointer implicitly or address register seven explicitly 
access the supervisor stack pointer. 

All exception processing is done in the supervisor state, 
regardless of the setting of the S-bit. The bus cycles generated 
during exception processing are classified as supervisor refer- 
ences. All stacking operations during exception processing use 
the supervisor stack pointer. 


USER STATE 

The user state is the lower state of privilege. For instruction 
execution, the user state is determined by the S-bit of the status 
register; if the S-bit is negated (low), the processor is executing 
instructions in the user state. 

Most instructions execute the same in user state as in the 
supervisor state. However, some instructions which have im- 
portant system effects are made privileged. User programs 
are not permitted to execute the STOP instruction, or the 
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RESET instruction. To ensure that a user program cannot 
enter the supervisor state except in a controlled manner, the 
instructions which modify the whole status register are privi- 
leged. To aid in debugging programs which are to be used as 
operating systems, the move to user stack pointer (MOVE 
to USP) and move from user stack pointer (MOVE from USP) 
instructions are also privileged. 

The bus cycles generated by an instruction executed in 
user state are classified as user state references. This allows 
an external memory management device to translate the ad- 
dress and to control access to protected portions of the address 
space. While the processor is in the user privilege state, those 
instructions which use either the system stack pointer im- 
plicitly, or address register seven explicitly, access the use stack 
pointer. 


PRIVILEGE STATE CHANGES 

Once the processor is in the user state and executing instruc- 
tions, only exception processing can change the privilege state. 
During exception processing, the current setting of the S-bit 
of the status register is saved and the S-bit is asserted, putting 
the processing in the supervisor state. Therefore, when instruc- 
tion execution resumes at the address specified to process the 
exception, the processor is in the supervisor privilege state. 


USE R/SUPE RVISOR MODES 


TRANSITION ONLY MAY OCCUR 
DURING EXCEPTION PROCESSING 





TRANSITION MAY BE MADE BY 
RTE; MOVE, ANDI, EORI TO STATUS WORD 


REFERENCE CLASSIFICATION 

When the processor makes a reference, it classifies the kind 
of reference being made, using the encoding on the three func- 
tion code output lines. This allows external translation of ad- 
dresses, control of access, and differentiation of special pro- 
cessor states, such as interrupt acknowledge. Table 18 lists the 
classification of references. 


Table 18 Reference Classification 


Function Code Output 
a Reference Class 
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@ EXCEPTION PROCESSING 

Before discussing the details of interrupts, traps, and tracing, 
a general description of exception processing is in order. The 
processing of an exception occurs in four steps, with variations 
for different exception causes. During the first step, a tem- 
porary copy of the status register is made, and the status register 
is set for exception processing. In the second step the exception 
vector is determined, and the third step 1s the saving of the 
current processor context. In the fourth step a new context 1s 
obtained, and the processor switches to instruction processing. 


EXCEPTION VECTORS 

Exception vectors are memory locations from which the 
processor fetches the address of a routine which will handle 
that exception. All exception vectors are two words in length 
(Figure 36), except for the reset vector, which is four words. 
All exception vectors lie in the supervisor data space, except 
for the reset vector which is in the supervisor program space. 
A vector number is an eight-bit number which, when multiplied 
by four, gives the address of an exception vector. Vector num- 
bers are generated internally or externally depending on the 
cause of the exception. In the case of interrupts, during the 
interrupt acknowledge bus cycle, a peripheral provides an 8-bit 
vector number (Figure 37) to the processor on data bus lines Do 
through D,. The processor translates the vector number into 
a full 24-bit address, as shown in Figure 38. The memory layout 
for exception vectors is given in Table 19. 

As shown in Table 19,the memory layout is 512 words 
long (1024 bytes). It starts at address 0 and proceeds through 
address 1023. This provides 255 unique vectors; some of these 
are reserved for TRAPS and other system functions Of the 
255, there are 192 reserved for user interrupt vectors However, 
there is no protection on the first 64 entries, so user interrupt 
vectors may overlap at the discretion of the systems designer. 


KINDS OF EXCEPTIONS 

Exceptions can be generated by either internal or external 
causes. The externally generated exceptions are the interrupts 
and the bus error and reset requests. The interrupts are requests 
from peripheral devices for processor action while the bus 
error and reset inputs are used for access control and processor 
restart. The internally generated exceptions come from instruc- 
tions, or from address error or tracing. The trap (TRAP), trap 
on overflow (TRAPV), check register against bounds (CHK) 
and divide (DIV) instructions all can generate exceptions as 
part of their instruction execution. In addition, illegal instruc- 
tions, word fetches from odd addresses and privilege violations 
cause exceptions. Tracing behaves like a very high priority, 
internally generated interrupt after each instruction execution. 


EXCEPTION PROCESSING SEQUENCE 
Exception processing occurs in four identifiable steps. In 


FC, the first step, an internal copy is made of the status register. 
0 ee ae ee (Unassigned) After the copy is made, the S-bit is asserted, putting the pro- 
cessor into the supervisor privilege state. Also, the T-bit is 
0 Oat User Data negated which will allow the exception handler to execute 
0 hoe — iO. User Program unhindered by tracing. For the reset and interrupt exceptions, 

0 a aa (Unassigned) the interrupt priority mask is also updated. 
: In the second step, the vector number of the exception is 
' | o | o | (Unassigned) determined. For interrupts, the vector number is obtained by 
1 | o | 1 | Supervisor Data a processor fetch, classified as an interrupt acknowledge. For 
1 | 1 | o | Supervisor Program all other exceptions, internal logic provides the vector number. 
This vector number is then used to generate the address of 

1 ae ae ae Interrupt Acknowledge ihe exception vector 8 
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New Program Counter (High) 
New Program Counter (Low) 


Figure 36 Exception Vector Format 





Word 0 AO=0, A1=0 





Word AO=0, A1=1 


D015 D8 D7 DO 
Where 


v7 1s the MSB of the Vector Number 
vO is the LSB of the Vector Number 


Figure 37 Peripheral Vector Number Format 


A23 A10 AQ A8 A7 AB AS A4 AZ A2 Al AD 


Figure 38 Address Translated From 8-Bit Vector Number 


Table 19 Exception Vector Assignment 




































































ecto acces Assignment 
Number(s) Dec Hex 
0 0 000 SP Reset Initial SSP 
2 4 | 004 SP Reset Initial PC 
2 [8 | 008 SD Bus Error 
3 12 00C SD Address Error 
4 IWlegal Instruction 
5 Zero Divide 
6 CHK Instruction 
7 TRAPV Instruction 
ar: Privilege Violation 
9 36 | 024 Trace oS 
10 t Line 1010 Emulator _ 
ee | Line 1111 Emulator 
127 +| 48 a (Unassigned, reserved) 
13* (Unassigned, reserved) 
14* (Unassigned, reserved) 
15 Uninitialized Interrupt Vector 
16 ~ 23" (Unassigned, reserved) 
24 Spurious Interrupt 
25 Level 1 Interrupt Autovector 
26 “Level 2 Interrupt Autovector 
27 - Level 3 Interrupt Autovector 
28 Level 4 Interrupt Autovector 
29 Level 5 Interrupt Autovector 
30 Level 6 Interrupt Autovector 
31 Level 7 Interrupt Autovector 
32 ~ 47 TRAP Instruction Vectors 
48 ~ 63" (Unassigned, reserved) 
64 ~ 255 User Interrupt Vectors 





SP Supervisor program,SD Supervisor data 


* Vector numbers 12, 13, 14, 16 through 23 and 48 through 63 are reserved for future enhancements by Hitachi 
No user peripheral devices should be assigned these numbers 
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The third step is to save the current processor status, ex- 
cept for the reset exception. The current program counter 
value and the saved copy of the status register are stacked 
using the supervisor stack pointer as shown in Figure 39. The 
program counter value stacked usually points to the next un- 
executed instruction, however for bus error and address error, 
the value stacked for the program counter 1s unpredictable, and 
may be incremented from the address of the instruction which 


15 14 13 12 11 10 
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caused the error. Additional information defining the current 
context 1s stacked for the bus error and address error excep- 
tions. 

The last step is the same for all exceptions. The new program 
counter value 1s fetched from the exception vector. The pro- 
cessor then resumes instruction execution. Then instruction 
at the address given in the exception vector 1s fetched, and 
normal instruction decoding and execution 1s started. 


High 


Higher Address 


Low 





Figure 39 Exception Stack Order (Group 1, 2) 
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Figure 40 Exception Processing Sequence (Not Reset) 
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MULTIPLE EXCEPTIONS 

These paragraphs describe the processing which occurs 
when multiple exceptions arise simultaneously. Exceptions 
can be grouped according to their occurrence and priority. The 
Group 0 exceptions are reset, bus error, and address error. 
These exceptions cause the instruction currently being executed 
to be aborted, and the exeception processing to commence 
within two clock cycles. The Group 1 exceptions are trace and 
interrupt, as well as the privilege violations and illegal instruc- 
tions. These exceptions allow the current instruction to execute 
to completion, but preempt the execution of the next instruc- 
tion by forcing exception processing to occur (privilege viola- 
tions and illegal instructions are detected when they are the 
next instruction to be executed). The Group 2 exceptions 
occur aS part of the normal processing of instructions. The 
TRAP, TRAPV, CHK, and zero divide exceptions are in this 
group. For these exceptions, the normal execution of an instruc- 
tion may lead to exception processing 

Group 0 exceptions have highest priority, while Group 2 
exceptions have lowest priority. Within Group 0, reset has 
highest priority, followed by address error and then bus error. 
Within Group 1, trace has priority over external interrupts, 
which in turn takes priority over illegal instruction and privi- 
lege violation. Since only one instruction can be executed at 
a time, there is no priority relation within Group 2. 

The priority relation between two exceptions determines 
which 1s taken, or taken first, if the conditions for both arise 
simultaneously. Therefore, if a bus error occurs during a TRAP 
instruction, the bus error takes precedence, and the TRAP 
instruction processing 1s aborted. In another example, if an 
interrupt request occurs during the execution of an instruction 
while the T-bit 1s asserted, the trace exception has priority, 
and 1s processed first. Before instruction processing resumes, 
however, the interrupt exception 1s also processed, and instruc- 
tion processing commences finally in the interrupt handler 
routine. A summary of exception grouping and pniority is given 
in Table 20. 





Table 20 Exception Grouping and Priority 


Reset 
Address Error 
Bus Error 





Processing 










Exception processing begins 
within two clock cycles. 











Trace 
Interrupt 
Iilegal 

Privilege 


TRAP, TRAPV 


CHK, 
Zero Divide 


Exception processing begins 
before the next instruction 







Exception processing is started by 
normal instruction execution 





RECOGNITION TIMES OF EXCEPTIONS, 
HALT, AND BUS ARBITRATION 


END OF ACLOCK CYCLE 
RESET 


END OF A BUS CYCLE 
ADDRESS ERROR 
BUS ERROR 
HALT 
BUS ARBITRATION 


END OF AN INSTRUCTION CYCLE 
TRACE EXCEPTION 
INTERRUPT EXCEPTIONS 
ILLEGAL INSTRUCTION 
UNIMPLEMENTED INSTRUCTION 
PRIVILEGE VIOLATION 


WITHIN AN INSTRUCTION CYCLE 
TRAP, TRAPV 
CHK 
ZERO DIVIDE 


@ EXCEPTION PROCESSING DETAILED DISCUSSION 

Exceptions have a number of sources, and each exception 
has processing which is peculiar to it. The following paragraphs 
detail the sources of exceptions, how each arises, and how each 
is processed. 


RESET 

The reset input provides the highest exception level. The 
processing of the reset signal is designed for system initiation, 
and recovery from catastrophic failure. Any processing in pro- 
gress at the time of the reset is aborted and cannot be recovered. 
The processor 1s forced into the supervisor state, and the trace 
State is forced off. The processor interrupt priority mask is set 
at level seven. The vector number is internally generated to 
reference the reset exception vector at location O in the super- 
visor program space. Because no assumptions can be made about 
the validity of register contents, in particular the supervisor 
stack pointer, neither the program counter nor the status 
register is saved. The address contained in the first two words 
of the reset exception vector is fetched as the initial supervisor 
stack pointer, and the address in the last two words of the 
reset exception vector is fetched as the initial program counter. 
Finally, instruction execution is started at the address in the 
program counter. The power-up/restart code should be pointed 
to by the initial program counter. 

The RESET instruction does not cause loading of the reset 
vector, but does assert the reset line to reset external devices. 
This allows the software to reset the system to a known state 
and then continue processing with the next instruction. 
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Double 
Bus (eno) 


Fault 


Yes 


Bus Error Exception Processing 


Figure 41 Reset Exception Processing 


INTERRUPTS 

Seven levels of interrupt priorities are provided. Devices 
may be chained externally within interrupt priority levels, 
allowing an unlimited number of peripheral devices to inter- 
rupt the processor. Interrupt priority levels are numbered 
from one to seven, with level seven being the highest priority. 
The status register contains a three-bit mask which indicates the 
current processor priority, and interrupts are inhibited for 
all priority levels less than or equal to the current processor 
priority. 

An interrupt request is made to the processor by encoding 
the interrupt request level on the interrupt request lines; a 
zero indicates no interrupt request. Interrupt requests arriving 
at the processor do not force immediate exception processing, 


but are made pending. Pending interrupts are detected between 
instruction executions. If the priority of the pending interrupt 
is lower than or equal to the current processor priority, exe- 
cution continues with the next instruction and the interrupt 
exception processing is postponed. (The recognition of level 
seven is slightly different, as explained in a following paragraph.) 

If the priority of the pending interrupt is greater than the 
current processor priority, the exception processing sequence 
is started. First a copy of the status register is saved, and the 
privilege state is set to supervisor, tracing is suppressed, and 
the processor priority level is set to the level of the interrupt 
being acknowledged. The processor fetches the vector number 
from the interrupting device, classifying the reference as an 
interrupt acknowledge and displaying the level number of 
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the interrupt being acknowledged on the address bus. If external 
logic requests an automatic vectoring, the processor internally 
generates a vector number which is determined by the interrupt 
level number. If external logic indicates a bus error, the ‘inter- 
rupt is taken to be spurious, and the generated vector number 
references the spurious interrupt vector. The processor then 
proceeds with the usual exception processing, saving the pro- 
gram counter and status register on the supervisor stack. The 
saved value of the program counter is the address of the instruc- 
tion which would have been executed had the interrupt not 
been present. The content of the interrupt vector whose vector 
number was previously obtained is fetched and loaded into the 
program counter, and normal instruction execution commences 
in the interrupt handling routine. A flow chart for the interrupt 
acknowledge sequence is given in Figure 42, a timing diagram is 
given in Figure 43, and the interrupt exception timing sequence 
is shown in Figure 44. 


Table 21 Internal Interrupt Level 





























7 ake. 1 we 1 a 1 Non-Maskable Interrupt — 
6 1 1 0 ) 
5 ne 1 ul 0 1 
4 1 | 0 0 + Maskable Interrupt 
SS <4 
3 0 1 1 
2 0 | 1 0 
1 0 0 1 2 
ake identi 
0 0 0 0 No Interrupt 





(NOTE) The internal interrupt mask level (12, 11, 10) are inverted to the 
logic level applied to the pins (TPL, , IPL, , IPL.) 


PROCESSOR INTERRUPTING DEVICE 


Request Interrupt 


| 


Grant Interrupt 
Path OL AR ad 


1) Compare interrupt level in status register 
and wait for current instruction to complete 
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4) Set function code to interrupt acknowledge 

5) Assert address strobe (AS) 

6) Assert lower data strobe (UDS* and CDS) 


| 


Provide Vector Number 


1) Place vector number of Dy ~ D, 
2) Assert data transfer acknowledge (DTACK) 


| 


Acquire Vector Number 
1) Latch vector number 


2) Negate UDS* and LDS 
3) Negate AS 


| 


Release 
1) Negate DTACK 








| 


Start Interrupt Processing 


* Although a vector number is one byte, both data strobes 
are asserted due to the microcode used for exception 
processing. The processor does not recognize anything 
on data lines Dg through D,; at this time. 


Figure 42 Interrupt Acknowledge Sequence Fiow Chart 


Last Bus Cycle of Instruction Stack 


[ACK Cycle 
(Vector Number Acquisition) Idle 








4 Clocks Stack and 


(Read or Write) | Idle | PCL | | Vector Fetch 
(SSP) 


“ Although a vector number is one byte, both data strobes are asserted due to the microcode used for exception processing. The 
processor does not recognize anything on data lines Dg through D,; at this time. 


Figure 43 Interrupt Acknowledge Sequence Timing Diagram 
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Last Bus Cycle 
of Instruction 
(During Which 
interrupt Was 
Recognized) 


PCL 
(SSP-2) 


Read 
Vector 
High 
(Ais ~ Aas) 


1ACK 
Cycle 
(Vector Number 
Acquisition) 
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Stack 
Status 


(SSP-6) (SSP-4) 


Fetch First Word 
of Instruction 
of Interrupt 
Routine 


Note: SSP refers to the value of the supervisor stack pointer before the interrupt occurs. 


Figure 44 Interrupt Exception Timing Sequence 


Priority level seven is a special case. Level seven interrupts 
cannot be inhibited by the interrupt priority mask, thus pro- 
viding a ‘“‘non-maskable interrupt” capability. An interrupt is 
generated each time the interrupt request level changes from 
some lower level to level seven. Note that a level seven interrupt 
may still be caused by the level comparison if the request level 
is a seven and the processor priority is set to a lower level by an 
instruction. 


UNINITIALIZED INTERRUPT 

An interrupting device asserts VPA or provides an interrupt 
vector during an interrupt acknowledge cycle to the 68000. 
If the vector register has not been initialized, the responding 
HD68000 Family peripheral will provide vector 15, the un- 
itialized interrupt vector. This provides a uniform way to 
recover from a programming error. 


SPURIOUS INTERRUPT 

If during the interrupt acknowledge cycle no device responds 
by asserting DTACK or VPA, the bus error line should be assert- 
ed to terminate the vector acquisition. The processor separates 
the processing of this error from bus error by fetching the 
spurious interrupt vector instead of the bus error vector. The 
processor then proceeds with the usual exception processing. 


INSTRUCTION TRAPS 

Traps are exceptions caused by instructions. They arise 
either from processor recognition of abnormal conditions 
during instruction execution, or from use of instructions whose 
normal behavior is trapping. 

Some instructions are used specifically to generate traps. 
The TRAP instruction always forces an exception, and is useful 
for implementing system calls for user programs. The TRAPV 
and CHK instructions force an exception if the user program 
detects a runtime error, which may be an arithmetic overflow 
or a subscript out of bounds. 

The signed divide (DIVS) and unsigned divide (DIVU) in- 
structions will force an exception if a division operation is 
attempted with a divisor of zero. 


ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS 

IMegal instruction is the term used to refer to any of the 
word bit patterns which are not the bit pattern of the first 
word of a legal instruction. During instruction execution, if 
such an instruction is fetched, an illegal instruction exception 
occurs. 


Word patterns with bits 15 through 12 equaling 1010 or 
1111 are distinguished as unimplemented instructions and 
separate exception vectors are given to these patterns to per- 
mit efficient emulation. This facility allows the operating 
system to detect program errors, or to emulate unimplemented 
instructions in software. 


ILLEGAL INSTRUCTION EXAMPLE 
MOVE DO, #$1000 


MOVE OP WORD 


0011 100111 000 000 
MOVE IMMEDIATE DATA REGISTER 
woORD REGISTER NUMBER 

DIRECT 0" 


PRIVILEGE VIOLATIONS 

In order to provide system security, various instructions 
are privileged. An attempt to execute one of the privileged 
instructions while in the user state will cause an exception. 
The privileged instruction are: 


STOP AND (word) Immediate to SR 
RESET EOR (word) Immediate to SR 
RTE OR (word) Immediate to SR 
MOVEtoSR MOVE USP 

TRACING 


To aid in program development, the 68000 includes a facility 
to allow instruction by instruction tracing. In the trace state, 
after each instruction is executed an exceptions is forced, allow- 
ing a debugging program to monitor the execution of the pro- 
gram under test. 

The trace facility uses the T-bit in the supervisor portion 
of the status register. If the T-bit is negated (off), tracing is 
disabled, and instruction execution proceeds from instruction 
to instruction as normal. If the T-bit is asserted (on) at the 
beginning of the execution of an instruction, a trace exception 
will be generated after the execution of that instruction is 
completed. If the instruction is not executed. either because 
an interrupt is taken, or the instruction is illegal or privileged, 
the trace exception does not occur. The trace exception also 
does not occur if the instruction is aborted by a reset, bus 


€ HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


963 








HD68000/HD68HCO000 


error, or address error exception. If the instruction is indeed ex- 
ecuted and an interrupt is pending on completion, the trace 
exception is processed before the interrupt exception. If, during 
the execution of the instruction, an exception is forced by that 
instruction, the forced exception is processed before the trace 
exception. 

As an extreme illustration of the above rules, consider the 
arrival of an interrupt during the execution of a TRAP instruc- 
tion while tracing is enabled. First the trap exception is pro- 
cessed, then the trace exception, and finally the interrupt ex- 
ception. Instruction execution resumes in the interrupt handler 
routine. 


TRACE MODE 
IFT=1 


STATUS REGISTER 










AFTER EACH 

INSTRUCTION] proGRAM 
RETURN TO 
EXECUTE 
NEXT 
INSTRUCTION 


ADDRESS OBTAINED TRACE 
FROM VECTOR TABLE PROGRAM 


1 1f, upon completion of an instruction, T = 1, 
go to trace exception processing 

Execute trace exception sequence 

Execute trace service routine 

At the end of the service routine, execute 
return from exception (RTE) 


PWN 


BUS ERROR 

Bus error exceptions occur when the external logic requests 
that a bus error be processed by an exception. The current bus 
cycle which the processor is making is then aborted. Whether 
the processor was doing instruction or exception processing, 
that processing is terminated, and the processor immediately 
begins exception processing. 

Exception processing for bus error follows the usual se- 
quence of steps. The status register is copied, the supervisor 
state is entered, and the trace state is turned off. The vector 
number is generated to refer to the bus error vector. Since the 
processor was not between instructions when the bus error 
exception request was made, the context of the processor is 


more detailed. To save more of this context, additional infor- 
mation is saved on the supervisor stack. The program counter 
and the copy of the status register are of course saved. The value 
saved for the program counter is advanced by some amount, 
one to five words beyond the address of the first word of the 
instruction which made the reference causing the bus error. If 
the bus error occurred during the fetch of the next instruction, 
the saved program counter has a value in the vicinity of the 
current instruction, even if the current instruction is a branch, 
a jump, or a return instruction. Besides the usual information, 
the processor saves its internal copy of the first word of the 
instruction being processed, and the address which was being 
accessed by the aborted bus cycle. Specific information about 
the access is also saved: whether it was a read or a write, wheth- 
er the processor was processing an instruction or not, and the 
classification displayed on the function code outputs when 


the bus error occurred. The processor is processing an instruc- 
tion if it is in the normal state or processing a Group 2 excep- 
tion; the processor is not processing an instruction if it is pro- 
cessing a Group 0 or a Group | exception. Figure 45 illustrates 
how this information is organized on the supervisor stack. 
Although this information is not sufficient in general to effect 
full recovery from the bus error, it does allow software diag- 
nosis. Finally, the processor commences instruction processing 
at the address contained in the vector. It is the responsibility 
of the error handler routine to clean up the stack and determine 
where to continue execution. 

If a bus error occurs during the exception processing for a 
bus error, address error, or reset, the processor is halted, and 
all processing cases. This simplifies the detection of catastrophic 
system failure, since the processor removes itself from the 
system rather than destroy all memory contents. Only the 
RES pin can restart a halted processor. 


ADDRESS ERROR 

Address error exceptions occur when the processor attempts 
to access a word or a long word operand or an instruction at 
an odd address. The effect is much like an internally generated 
bus error, so that the bus cycle is aborted, and the processor 
ceases whatever processing it is currently doing and begins 
exception processing. After exception processing commences, 
the sequence is the same as that for bus error including the 
information that is stacked, except that the vector number 
refers to the address error vector instead. Likewise, if an address 
error occurs during the exception processing for a bus error, 
address error, or reset, the processor is halted. As shown in 
Figure 46, an address error will execute a short bus cycle follow- 
ed by exception processing. 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 _0 


Instruction Register 
Status Register 


High 
om = Program Counter «<= = =@ =» om ae ae oe ee ae oP ow OF © Ge a om OF om ow an © Om @® @® om Ow oF an a @ a ew 





Low 
R/W (read/write): write = 0, read = 1. 1/N (instruction/not): instruction = 0, not = 1 


Figure 45 Exception Stack Order (Group 0) 


SO S1 S2 S3 S4 SS S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 


Y a: ore aaa) en. eee 


Aerr Approx 8 Clocks 
|» Fes +} in, +, A0ere Idle et Write Stack ———__—_—» 


Figure 46 Address Error Timing 


@ INTERFACE WITH HD6800 PERIPHERALS 

Hitachi’s extensive line of HD6800 peripherals are directly 
compatible with the 68000. Some of these devices that are par- 
ticularly useful are: 


¢ DATA TRANSFER OPERATION 

Three signals on the processor provide the HD6800 interface. 
They are enable (E), valid memory address (VMA), and valid 
peripheral address (VPA). Enable corresponds to the E or ¢, 


HD6821 Peripheral Inte rface Adapter signal in existing HD6800 systems. The bus frequency is one 
HD6840 = Programmable Timer Module tenth of the incoming 68000 clock frequency. The timing of E 
HD6843 = Floppy Disk Controller allows 1 MHz peripherals to be used with an 8 MHz 68000. 


HD6845S CRT Controller 


Enable has a 60/40 duty cycle; that is, it is low for six input 
HD46508 Analog Data Acquisition Unit 


HD6850 Asynchronous Communication Interface 
Adapter 
HD6852 Synchronous Serial Data Adapter 


To interface the synchronous HD6800 peripherals with the 
asynchronous 68000, the processor modifies its bus cycle to meet 
the HD6800 cycle requirements whenever an HD6800 device 
address is detected. This is possible since both processors use 
memory mapped I/O. Figure 48 is a flow chart of the interfer- 
ence operation between the processor and HD6800 devices. 


clocks and high for four input clocks. This duty cycle allows the 
processor to do successive VPA accesses on successive E pulses. 

HD6800 cycle timing is given in Figures 49 and 50. At state 
zero (SO) in the cycle, the address bus is in the high-impedance 
state. A function code is asserted on the function code output 
lines. One-half clock later, in state 1 the address bus is released 
from the high-impedance state. 


During state 2, the address strobe (AS) is asserted to in- 
dicate that there is a valid address on the address bus. If the 
bus cycle is a read cycle, the upper and/or lower data strobes 
are also asserted in state 2. If the bus cycle is a write cycle, 
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Dy, ~ 0, (or Dy ~ Dis) 





Decode for 
HD6800 
Peripherals 


Block of 
HD6800 
Devices 


Figure 47 Connection of HD6800 Peripherals 


the read/write (R/W) signal is switched to low (write) during 
state 2. One half clock later, in state 3, the write data is placed 
on the data bus, and in state 4 the data strobes are issued to 
indicate valid data on the data bus. The processor now inserts 
wait states until it recognizes the assertion of VPA. 


The VPA input signals the processor that the address on the 
bus is the address of an HD6800 device (or an area reserved for 
HD6800 devices) and that the bus should conform to the ¢, 
transfer characteristics of the HD6800 bus. Valid peripheral 
address is derived by decoding the address bus, conditioned by 
address strobe. Chip select for the HD6800 peripherals should 
be derived by decoding the address bus conditioned by VMA. 

After the recognition of VPA, the processor assures that the 
Enable (E) is low, by waiting if necessary, and subsequently 
asserts VMA. Valid memory address is then used as part of the 
chip select equation of the peripheral. This ensures that the 
HD6800 peripherals are selected and deselected at the correct 
time. The peripheral now runs in cycle during the high portion 
of the E signal. Figures 49 and 50 depict the best and worst case 
HD6800 cycle timing. This cycle length is dependent strictly 
upon when VPA is asserted in relationship to the E clock. 
dependent strictly upon when VPA is asserted in relationship 
to the E clock. 

If we assume that external circuitry asserts VPA as soon as 
possible after the assertion of AS, then VPA will be recognized 
as being asserted on the falling edge of S4. In this case, no 
“extra” wait cycles will be inserted prior to the recognition of 
VPA asserted and only the wait cycles inserted to synchronize 
with the E clock will determine the total length of the cycle. 
In any case, the synchronization delay will be some integral 
number of clock cycles within the following two extremes: 

1. Best Case — VPA 1s recognized as being asserted on the 
falling edge three clock cycles before E rises (or three 
clock cycles after E falls). 

2. Worst Case -- VPA 1s recognized as being asserted on the 
falling edge two clock cycles before E rises(or four clock 
cycles after E falls). 

During a read cycle, the processor latches the peripheral 
data in state 6. For all cycles, the processor negates the address 
and data strobes one half clock cycle later in state 7, and the 
Enable signal goes low at this time. Another half clock later, 
the address bus is put in the high-impedance state. During a 
write cycle, the data bus is put in the high-impedance state 





PROCESSOR 
Initiate Cycle 
1) The processor starts a normal Read or 


Write cycle | 


Define HD6800 Cycle 
1) External hardware asserts Valid Peripheral 
Address (VPA) 


SLAVE 





Synchronize With Enable 
1) The processor monitors Enable (E) until it 1s 
low (Phase 1) 
2) The processor asserts Valid Memory Address 
(VMA) 


Transfer Data 


1) The peripheral waits until E is active and 
then transfers the data 


Terminate Cycle 
1) The processor waits until E goes low. (On a 
Read cycle the data 1s latched as E goes 
low internally) 
2) The processor negates VMA —— 
3) The processor negates AS, UDS, and LDS 


| 


Start Next Cycle 





Figure 48 HD6800 Interface Flow Chart 
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Figure 49 68000 to HD6800 Peripheral Timing—Best Case 
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Figure 50 68000 to HD6800 Peripheral Timing—Worst Case 
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HMCS6800 * Periphersl* 

160 ns Type B 70 nse Type 8 

180 ns Type A 140 ns Type A 

270 ns Std 140 ns Std 

HMCS6800 VMA, R/W | | 
HMCS6800 Address 
a 10 ns HMCS6800* Peripheral* 

10 ns Peripheral * Type 8 180 ns =o 10 ns HMCS6800° 
Type A 220 ns 10 ns Peripheral! 
Std 320 ns 


HMCS6B00 Read Data 


Peripheral * 
Type B 60 ns 
Type A 80 ns 
Std 195 ns 
aS I \ ee //// 





68000 (8 MHz) 
jt— 200 ns —2>4 
VMA W 
Write Data 
68000 CLK 





* Times are expressed for different device clock frequencies 


Figure 51 68000 to HD6800 Peripheral Timing Diagram 












TS; CS, CSo RS, RS» TS, CS, AS CS, 


HD6821 PIA HO6850 ACIA 








Figure 52 HD6800 Interface—Example 1 
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and the read/write signal is switched high. The peripheral logic 
must remove VPA within one clock after address strobe is 
negated. 


Figure 51 shows the timing required by HD6800 peripherals, 
the timing specified for HD6800, and the corresponding timing 
for the 68000. Two example systems with HD6800 peripherals 
are shown in Figures 52 and 53. The system in Figure 52 reserves 
the upper eighit megabytes of memory for HD6800 peripherals. 
The system in Figure 53 is more efficient with memory and 
easily expandable, but more complex. 


DTACK should not be asserted while VPA is asserted. 
Notice that the 68000 VMA is active low, contrasted with the 
active high HD6800 VMA. This allows the processor to put its 
buses in the high-impedance state on DMA requests without 
inadvertently selecting peripherals. 


® INTERRUPT OPERATION 

During an interrupt acknowledge cycle while the processor is 
fetching the vector, if VPA is asserted, the 68000 will assert 
VMA and complete a normal HD6800 read cycle as shown in 
Figure 54. The processor will then use an internally generated 





SO S2 S4 S6 S8 SO S2 S4 Sw Sw Sw Sw Sw Sw Sw Sw Sw Sw S6 








aati internal 
Processing | PC Low Stacking—® {= ———_—_—_—_——— Autovector Operation ——————— 


Processing 


* Although a vector number is one byte, both data strobes are asserted due to the microcode used for exception processing. The 
processor does not recognize anything on data lines Ds through D,. at this time 


Figure 54 Autovector Operation Timing Diagram 


vector that is a function of the interrupt being serviced. This 
process is known as autovectoring. The seven autovectors are 
vector numbers 25 through 31 (decimal). 

This operates in the same fashion (but is not restricted to) 
HD6800 interrupt sequence. The basic difference is that there 
are six normal interrupt vectors and one NMI type vector. As 
with both the HD6800 and the 68000’s normal vectored inter- 
rupt, the interrupt service routine can be located anywhere in 
the address space. This is due to the fact that while the vector 
numbers are fixed, the contents of the vector table entries are 
assigned by the user. 

Since VMA is asserted autovectoring, the HD6800 peripheral 
address decoding should prevent unintended accesses. 


® CONDITION CODES COMPUTATION 

This provides a discussion of how the condition codes were 
developed, the meanings of each bit, how they are computed, 
and how they are represented in the instruction set details. 


@ CONDITION CODE REGISTER 
The condition code register portion of the status register con- 
tains five bits: 


N — Negative 
Z — Zero 

V — Overflow 
C — Carry 

X — Extend 


The first four bits are true condition code bits in that they 
reflect the condition of the result of a processor operation. 
The X-bit is an operand for multiprecision computations. The 
carry bit (C) and the multiprecision operand extend bit (X) 
are separate in the 68000 to simplify the programming model. 
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@ CONDITION CODE REGISTER NOTATION X (extend) transparent to data movement. When affect- 
In the instruction set details, the description of the effect on ed, it is set the same as the C-bit. 

the condition codes is given in the following form: The notational convention that appears in the representation 

Condition Codes: Xx N ZV C of the condition code registers is: 


* set according to the result of the operation 


Where — not affected by the operation 
N (negative) set if the most significant bit of the result O cleared 
is set. Cleared otherwise. 1 set 
Z (zero) set if the result equals zero. Cleared otherwise. U undefined after the operation 


V (overflow) set if there was an arithmetic overflow. This 
implies that the result is not representable © CONDITION CODE COMPUTATION 


in the operand size. Cleared otherwise. Most operations take a source operand and a destination 

C (carry) set if a carry is generated out of the most operand, compute, and store the result in the destination 
significant bit of the operands for an addition. location. Unary operations take a destination operand, com- 
Also set if a borrow is generated in a subtrac- pute, and store the result in the destination location. Table 22 
tion. Cleared otherwise. details how each instruction sets the condition codes. 


Table 22 Condition Code Computations 


neon. RN ee ce | Spacul Detiaiion 

ABCD ? C = Decimal Carry __ 
Z=Z°:Rm-.. + RO 

AOD, ADDI, ? V=Sm- Om: Rm+Sm: Dm: Rm 

ADDQ C =Sm:+: Om+ Rm: Dm+Sm> Rm 

ADOX Z ? V=Sm:+ Dm: Rm+Sm- Dm: Rm 
C =Sm:+Dm+ Rm: Dm+Sm: Rm 
Z=Z2:Rm- ..* RO 


AND, ANDI, 
EOR, EORI, 
MOVEQ, MOVE, 
OR, ORI, 

CLR, EXT, 
NOT, TAS, TST 


Sm: Dm+ Rm: Dm+Sm>: Rm 


CHK Lee 
SUB, SUBI vV=5m-Om- Rm+Sm- Om- Rm 
SUBQ C =Sm: Dm+ Rm: Bm+Sm- Rm 
SUBX ? V=5m- Dm: Rm+Sm- Om: Rm 
Cc 
Zz 


wu 2 Rm. RO 
CMP, CMPI, ? V=5m: Dm: Rm+Sm: Om: Rm 
CMPM C =Sm:- Bm+Rm- Bm+Sm- Rm 
Divs, DIiVU pe ae | V = Division Overflow 
MULS, MULU Le Pon eli f Oe O 
SBCD, NBCD ? C = Decimal Borrow_ 
Z=Z:Rm-...* RO 


NEG i sj ? ? V=Dm- Rm,C =Dm+ Rm 
NEGX : ? ? ? V=DOm: Rm,C =Dm+ Rm 
Z=2Z2°Rm- ..: RO 


BTST, BCHG, Z=Dn 
BSET, BCLR 











ASL ae ? V=Dm-> (Oma t+. . + Om-r) 
+Dm ° (Day) +... + Dm-r) 
C = Om-c+1 

reo |- |" |" ol] 

LSL, ROXL tod ae [0 le 2s C= Dinca 

LSA (r= 0) Pata eee eee 

ROXL (r= 0) ae ee =x 

ROL a C = Om-r+1 

ROL (r = 0) eae 0 

ASR,usR,ROXR | * | * | * | O | ? | C=Da4 

ASR,LSR(r=0) | — | | | OO 

ROXR (r = 0) Le | +2 ? Cc =X 

ROR p- |e | * |of? | c= 

ROR (r = 0) pe Ao Oe 
— Not affected * General Case Sm — Source operand most significant bit 
U Undefined Xe«C Dm — Destination operand most significant bit 
? Other— see Special Definition N=Rm Rm — Result bit most significant bit 

Z=Rm RO n — bit number 
r  — shift amount 
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® CONDITIONAL TESTS 

Table 23 lists the condition names, encodings, and tests 
for the conditional branch and set instructions. The test associ- 
ated with each condition is a logical formula based on the 
current state of the condition codes. If this formula evaluates to 


1, the condition succeeds, or is true. If the formula evaluates to 
0, the condition is unsuccessful, or false. For example, the T 
condition always succeeds, while the EQ condition succeeds 
only if the Z bit is currently set in the condition codes. 


Table 23 Conditional Tests 








Mnemonie [Condition | Eneoaing | Tes 

T i 

F | 0001 |_—O 

HI | ooo || +2 

cc carry clear | 0100 C 

cS carry set | 0101s C 

NE not equal Zz 
7 EQ equal PO Zz 

VS -_ overflow set V 
= ae 

Mi N 
ce F100 | NN VEN 
—_ LT - less than | 1101 N°-V+N-V 

GT greater than | 410 | N-V°Zt+N°V-Z 


@® INSTRUCTION SET 
The following paragraphs provide information about the 
addressing categories and instruction set of the 68000. 


@ ADDRESSING CATEGORIES 

Effective address modes may be categorized by the ways 
in which they may used. The following classifications will 
be used in the instruction definitions. 


memory or data alterable. The former refers to those address- 
ing modes which are both alterable and memory addresses, and 
the latter refers to addressing modes which are both data and 
alterable. 


® INSTRUCTION PRE-FETCH 
The 68000 uses a 2-word tightly-coupled instruction prefetch 
mechanism to enhance performance. This mechanism is described 


Data If an effective address mode may be used to refer in terms of the microcode operations involved. If the execution 
to data operands, it is considered a data address- of an instruction is defined to begin when the microroutine for 
ing effective address mode. that instruction is entered, some features of the prefetch 

Memory If an effective address mode may be used to refer mechanism can be described. 
to memory operands, it is considered a memory 1) When execution of an instruction begins, the operation 
addressing effective address mode. word and the word following have already been fetched. 

Alterable _If an effective address mode may be used to refer The operation word is in the instruction decoder. 
to alterable (writeable) operands, it is considered 2) In the case of multi-word instructions, as each addi- 
an alterable addressing effective address mode. tional word of the instruction is used internally, a fetch 

Control If an effective address mode may be used to refer is made to the instruction stream to replace it. 
to memory operands without an associated size, it 3) The last fetch from the instruction stream is made when 
is considered a control addressing effective address the operation word is discarded and decoding is started 
mode. on the next instruction. 

Table 24 shows the various categories to which each of the 4) If the instruction is a single-word instruction causing a 

effective address modes belong. Table 25 is the instruction set branch, the second word is not used. But because this 

summary. word is fetched by the preceding instruction, it is im- 

The status register addressing mode is not permitted unless possible to avoid this superfluous fetch. In the case of 
it is explicitly mentioned as a legal addressing mode. an interrupt or trace exception, both words are not used. 

These categories may be combined so that additional, more 5) The program counter usually points to the last word 
restrictive, classifications may be defined. For example, the fetched from the instruction stream. 

instruction descriptions use such classifications as alterable 
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Table 24 Effective Addressing Mode Categories 


















Effective 
Address 
Modes 

Dn register number 
An 001 register number 
An@ 010 register number 
An@+ 011 register number 
An@ - 100 register number 
An@(d) 101 register number 
AnQ@(d, ix) register number 
xxx.W 
xxx. Lb 001 
PC@(d) 
PC@(d, ix) 
#xxx 


The following example illustrates many of the features of 
instruction prefetch. The contents of memory are assumed to 
be as illustrated in Figure 55. 


ORG 0 


OC.L INISSP 
OC.L RESTART 


ORG INTVECTOR 
OC.L INTHANDLER 


ORG 


RESTART: 
NOP 
BRA.S 
ADD.W 


LABEL 
DO, 01 


SUB.W DISP(AO), A1 
CMP.W D2, D3 
SGE.B D7 


INTHANDOLER: 
MOVE.W 
NOP 
SWAP.W 


LONGADR1, LONGADR2 


Figure 55 


The sequence we shall illustrate consists of the power-up 
reset, the execution of NOP, BRA, SUB, the taking of an 
interrupt, and the execution of the MOVE.W xxx. L to yyy.L. 








Addressing Categories 


Register 
000 _ _ 








<M KK | KX | KOK OK 


x «x «Ix & a ak 4 


| KKK KKK Od 


DEFINE RESTART VECTOR 


INITIAL SYSTEM STACK POINTER 
RESTART SYSTEM ENTRY POINT 


DEFINE AN INTERRUPT VECTOR 
HANDLER ADDRESS FOR THIS VECTOR 


SYSTEM RESTART CODE 


NO OPERATION EXAMPLE 
SHORT BRANCH 
ADD REGISTER TO REGISTER 


SUBTRACT REGISTER INDIRECT WITH OFFSET 
COMPARE REGISTER TO REGISTER 
Scc TO REGISTER 


MOVE WORD FROM AND TO LONG ADDRESS 
NO OPERATION 
REGISTER SWAP 





Instruction Prefetch Example, Memory Contents 


The order of operations described within each microroutine is 
not exact, but is intended for illustrative purpose only. 
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Microroutine 


Operation 


Read 

Read 

Read 

Read 

Read 

Read 

<begin NOP > 
Read 

<begin BRA> 
PC=PC+d 
Read 

Read 

<begin SUB> 
Read 

Read 

Read 

<begin CMP > 
Write 

Read 

Write 

Write 

Read 

Read 

Read 

Read 

<begin MOVE > 
Read 

Read 

Read 

Read 

Write 

Read 

Read 

<begin NOP > 


Reset 


INTERRUPT 


Location 


+(PC) 


+(PC) 
DISP(AO) 
+(PC) 

<take INT > 
-— (SSP) 
<INT ACK> 
~ (SSP) 

~ (SSP) 

(VR) 

+(VR) 

(PC) 

+(PC) 


+(PC) 
+(PC) 
XXX 
+(PC) 
vYY, 
+(PC) 
+(PC) 





Operand 


SSP High 
SSP Low 
PC High 
PC Low 
NOP 
BRA 


ADD 


SUB 
OIsP 


CMP 
<¢sre> 
SGE 


PC Low 
Vector # 
SR 

PC High 
PC High 
PC Low 
MOVE 
xxx High 


xxx Low 
yyy High 
<sre> 


vyy Low 
<dest> 


NOP 
SWAP 


Figure 56 Instruction Prefetch Example 


@ DATA PREFETCH 

Normally the 68000 prefetches only instructions and not 
data. However, when the MOVEM instruction is used to move 
data from memory to registers, the data stream is prefetched in 


MOVE TWO 
= LONGWORDS 
MOVEM.L INTO REGISTERS 
DC.W WORD 1 
WORD 2 
WORD 3 
WORD 4 
WORD 5 
WORD 6 


DC.W 
DC.W 
DC.W 
DC.W 
OC.W 





Figure 57 MOVEM Example, Memory Contents 


order to optimize performance. As a result, the processor reads 
one extra word beyond the higher end of the source area. For 
example, the instruction sequence in Figure 57 will operate as 
shown in Figure 58. 








Microroutine 








MOVEM 
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Assume Effective Address Evaluation is Already Done 


Operation 


Figure 58 MOVEM Example, Operation Sequence 





Location Other Operations 


Read A 
Prepare to Fill DO 


Read B A—>DOH 

Read Cc 8B > DOL 
Prepare to Fill D1 

Read D C-D1H 

Read E 0->DIL 


Detect Register List Complete 
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Table 25 Instruction Set 


S=Immed P 
Knemone Abs L d(PC, XI) Opcode Bit Pattern Sealed pee 


PC) 
Operation | ~ fel ~ fel] ~ [#[ - [a 7654 3210 XNZVC 


ABCD 1100 RRRI| 0000 Orrr | dlO0+sl0+X od Ue Ue 
Add Digits s ; Pe : 1100 RRRI| 0000 Irrr 

ADD wee a a 3 hee pee bore exe 

Add 

Binary 


ADDA 
Add Address La ; , x ae 
ADDI we che ee poe Se Bhp dd eee: 
Add immed 4 3 : ; , , 3 : : : ; Z 4 ‘i Z x ve ‘ae a oon 
ADDQ 
Add Quick 
ADDX 
Add Multi- 
precision aS 

$i ME es GER y ee iS 
AND 1100 DDDI d<and>On +d 
Logic And 1100 DDDO On< and >s +n 

1100 DNDI 


%, 
3 


ANDI 

And Immed ay Ce eee é oe 

ASL, ASR $S$10 ODDD 

Arithmetic count- #1~8d $$00 ODDD 

Shift count:n sd 1010 ODDD 
count- #1~8 d 1000 ODDD 


Memory d 1 1EE EEEE 
BCHG ieee Cae ae 4 cn lose ' ; , 


Test and 
Change 


ont | hoe al 5 [4 oy 0000 rrr! | 10EE EEEE 

ata 0000 1000} 10EE EEEE | ~(bit) # of d +2 

oe 0000 rrrl | IOEE EEEE | 0--(bit) # of d 
| 


BSET 
Test and 
Set 


BIST bit #-On 0000 rrrl | OOEE EEEE 

Bit Test bit 2 Imm 0000 1000} OOEE EEEE 
bit %=On 0000 rrrl | OOEE EEEE 
bit & Imm DOOD nb " 

CHK 

Check Reg- 

ister Against 


0100 0010 


1011 AAAO] tlee eeee 
101} AAAI? llee eeee 


1011 RRRI 


Divide Signed : oe : 3 : ee oe : a Cs Be ea Se Oe 
DIVU 1000 DDDO eeee 
Divide 
Unsigned 
EOR 
Exclusive OR 
me ee os 
0000 1010] SSEE EEEE 
Exclusive OR 
immediate 
EXG 
Exchange 
Registers ee : ae : toe eee Cees ‘ Poe a : eth Le } : + 
EXT 0100 1000] 1000 ODDD | bit 7 bit 8~15 
Sign Extend 0100 1000] 1100 ODDD | bit 15 +bit 16~31 
LEA . , ™ , 
Load Effect- : 
we Address ; : ices 
LINK 0100 T1l0} 0101 OAAA 
Link and 
Allocate 





Note Refer toCondtion Code Computations Opcode Bit Pattern Key 
as for condition Code A Address Register # { Orrection O- Right 1-Left R Destination Register 
® Word only C Test Condition M Destination EA Mode S Size 00 Byte In the MOVE Instruction 
< Maximum vatue O Data Register # P Displacement 01 Word 01 Byte 
# Number of Program Bytes e Source Effective Address Q Quick Immediate Data 10-Long Word 10 Long Word 
~ Number of Clock Periods E Destination Effective Address r Source Register 11 Another Operation 11) Word 
Vv Vector & 





(to be continued) 
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Condition 
Boolean Codes 


Operation 


7654 3210) 


XNZVC 


Is = immed 
gr COICO 











LSL,LSR |B W{count nh $$10 1DDD 
Logical Shift count 21~8 4 $$00 I DDD ¢-{_}-—0 
L |count Om 1010 IDDD | % 7 Lett 
count 1-8 4 1000 ippp | °—~L__}-¢ 
Memory Ww d I} IEE EEEE 
MOVE BW iso 
Move Data E 















































Ss Abs W 

eer RY ae 4 % ‘ eg SED 4 oh : a pe a Erne s: ed “aghione Es, ee i. ae aeck Bes tye a 2 RAG wel 
MPRA at rN ee : CL Rs ae Re AT STR SESSA BEN ON yh gt BS Nm Qo Rane oe 

SOOCPOP, 4 SR ie NS ’ es ibe Rs re Pes ay a Sh prea ie Be EL poeaigg rN apes, ; ap that hh 

id Z aah bs CRONE Cee ray Bs oh web Yoh. oF he BS SA 2 Ste, o” ier debe ast ce MORO UR te ars Belt e Cee 

ss if PL BE N88: ee ey ake Ate o aes LH a! . Sens me 

ns hee’ Fy ae AS coreg gare Fass, SRR ES Bek prs m Bee «  Keskahd q ig BSUS Bee . 

Sse ae : 4 ER BORE BEES BSE EO TARE Wee COE rR SO ERs EA CE: y) 


as 
ae 
e 


Lo }s On d 






s (Mn) d 12 MOVEA 
MOVEA 




















3 Sah FAA OY 
s Sas Bye 








Bese. AAG 


Dae AEE 
% ee i eas SS a 
Be, ROU Rye ONT 


acai aaa) 










MOVE 
Move to Con- 
dition Codes 


PaaS ot haa 
. Nas Guage kiae iris 
AUS Es ae ¥ Dios ad 
* ose os 
: 


G 
a 

EES Fs Ee: is 

PSE SR ENE J 


peace # 
ecu tae bai 
aS Ron Oe Sanne 





















BS So 

MOVE 0100 O110 | Tlee eeee | s oS PEE 
Move to from 0100 0000] J IFE EEEE ae cee 
Status Reg 5 
MOVE L489 47 Sher Mt Beets, Gabe ua ORCA OS 

A bad a a ee; r wl ix e ela toe LM 
io fp R METRES RTE Phat ts Bho SoS 
vasa SS SES ae Be OR Rae OS FES 
MOVEA ee eeere ° ce ee 





Move Address 
MOVEM 
Move Multiple 
Registers 


0010 AAAO | Olee eeee | 









: 
ae BE gb GP : 
ign Sardis Oa 
HHO S BESS 
2S ie ed og 


PTA an PER 


eRe Ne oper 
SM yo WE 








ee 
Sees, Y . 
a ia ht Bi 

Essa é af ie Cee! 

2% EE CAD ol SO 


tee: 
: ae ke ‘ 2 
Se ee Roe Ss SAP 














A 3 


Sih gM Es 
AEP rE ae, He Fs 
Pe le ora 
Rade th te BRO 


























































a 
4 ae) od SP <x MOTEE & cae cs 

ed ehh og es mE Spe a eas 7 be Aad | tee 
a S Bey Ra tas s Be SiS aeeex SB ah |S 4 
aig tts et a et} Boss re a bis sorte 
Oe ys es ce Ore 
PORE EBS CEB SUE eae ee: ee: , - ORES PR ce Rae ppd OE 

BROT Hg A OES PES eS wis Eke oes Ex ise Ee RA ST OY Bg HR GUMS 








} RRSP ORES 

0000 DDD! | 1000 1AAA | Dn d by bytes tte 
0000 DDDI | 0000 1AAA | s *M& by bytes 
0000 DDD! | 1100 LAAA | & «d by bytes 
000 0100 1AAA js *fn by bytes 


MOVEP 
Move 
Peripheral 






oe 3% SS 3 mf z 
MOVEQ oes : ad 
ESO aes 


ae : 
Eby see a AI 


*On -**00 


Move Quick 
MULS 
Multiply 
Signed bane | edtee Oaes ! . mae sitanahe Git eutcds we = 
MULU = ae be tapers ¢ bes ne ix . :: wes ‘ . 4 dD : fy P is Stas 
Multiply . oe Secs. : . de . Ls : oF ee . ee a 
oo 16 OOEE EFEE|0 410 
Negate Digit 
NEG ty 
Negate Binary f° 
NEGX 
Negative Mult: 
precision : 
































13 G84 ® Shite MeeOee eS rd 

pae LARAR EE Sdcsere acces § bed Poe od: ges * 
; 

: “y ae 


Rabies : ‘ 
AK? 3: Loh egh Bac heath dah Sei sO Hae Sine AG rateoant $a og) RP AUER Be 
See Ae ee OPS en OO BT Bette a od 4 


0100 0000) SSEE EEEE|0-~4a X +4 rE S| 














































Li agit ABER MEE 
Si fe ech 2 PRE 
Complement ae 
OR 1000 DDD! | SSEE EEEE | d<or>f +d -ae00 
Inctustve OR 1000 DDDO | SSee eeee | M<or>s +h 


1000 DDD! | 10EE EEEE | ¢<or>h +d 
| 1000 DDDO lOee cece On<or>s *On_ 


Seis» 


Logical 


ORI 
OR Immediate fF 
PEA 

Push Effect- 
ive Address 
ROR, ROL 
Rotate 
without X 













eg 


a 
a 


Memory hee 





10h sa 
Note Reter to Condition Code Computations Opcode Bit Pattern Key 
hee as - condition Code A Address Register # f Direction O- Right 1-Left R Destination Register 
: pe only C Test Condition M Destination EA Mode S Size 00- Byte In the MOVE Instruct on 
aximum value D Data Register # P Displacement 01 ~ Word 01 -Byte 
% Number of Program Bytes e Source Effective Address Q Quick Immediate Data 10-Long Word 10-Long Word 
Number of Clock Periods € Destination Effective Address t Source Register 11 - Another Operation 1} - Word 
V Vector # 


aa The MPU goes through an extra 
null reed cycle after a9 multiple read is done (The last EA+ 2) 


(to be continued) 
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Mnemonic 
Operation 


count #1~8d 
count=Dn 6 
count %i~8d 


count | 
seco 


Subtract 
digits 

Sce 

Set 
Conditionally 
sus 
Subtract 
Binary 


SUBA 
Subtract 
Address 
SUBI 
Subtract 
Immediate 
susba 
Subtract 
Quick 
SUBX 
Subtract 
Muttiprecision 


SWAP 
Swap Regis- 
ter Halves 
TAS 

Test and Set 
Operand 
TST 

Test 

UNLK 
Unlink 


Bee 
Branch 
Conditionally 


BRA 

Branch 
Always 

BSR 

Branch 

to Subroutine 
DBcc 
Decrement 
Counter & 
Branch Until 
Condition 
True or 
Count = 1 
JMP 

Jump to 
JSR 

dump to 
Subroutine 
NOP 

No Operation 
RESET 
Reset Exter- 
nal Devices 
RTE 

Return from 
Exception 
RTR 

Return from 
Subroutine/ 
Restore OC 
RTS 

Return from 
Subroutine 
sToP 

Load SR/Stop 
TRAP 

Trap 


TRAPV 
Trap ff 


bra taken 
bra not taken 
bra taken 
bra not taken 


Boolean 


SS11 ODDD 
$S0! ODDD 
1011 ODDD 
1001 ODDD 
IiEE FEFF 


If cc true ls 
Else Os “4 


On( 31 16)« 
On( 150) 


PPPP PPPP Jit cc true 
PC+ disp °PC 


VIFF FFFE 


O11! 0001 


0100 VVVV [PC + (SSP) 
SR (SSP) 
(Vector) *PC 
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Condition 
Codes 





Note Refer to Condition Code Computations 


P n 
pois phapebaoidoelaslpiy Opcode Bit Pattern Key 


A, Address Register # { Direction O- Right 1—Left R Destination Register 





© Word only C, Test Condition M Destination EA Mode S Size 00 Byte In the MOVE Instruction 
<. Maximum value O Data Register # P Displacement Ol Word Q1 Byte 
%, Number of Program Bytes @ Source Effective Address Q Quick Immediate Data 10-Long Word 10 Long Word 
~, Number of Clock Periods E Destination Eftective Address ¢ Source Register 11 Another Operation 1} Word 
V Vector % 
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® INSTRUCTION FORMAT SUMMARY 

This provides a summary of the first word in each instruction 
of the instruction set. Table 26 is an operation code (op-code) 
map which illustrates how bits 15 through 12 are used to 
specify the operations. The remaining paragraph groups the 


instructions according to the op-code map. 
where, Size; Byte = 00 Sz; Word =0 
Word = 01 Long Word = 1 
Long Word = 10 


Table 26 Operation Code Map 


Bits 


15 thru 12 Operation 
0000 Bit Manipulation/MOVEP/Immediate 
0001 Move Byte 
0010 Move Long 
0011 Move Word 
0100 Miscellaneous 
0101 ADDQO/SUBQ/Scc/DBec 
0110 Bec 
0111 MOVEQ 
1000 OR/DIV/SBCD i 
1001 SUB/SUBX 
1°10 (Unassigned) 
1011 CMP/EOR 
1100 AND/MUL/ABCD/EXG 
1101 ADD/ADDX 
1110 Shift/Rotate 


111 


(Unassigned) 


(1) BIT MANIPULATION, MOVE PERIPHERAL, IMMEDIATE INSTRUCTIONS 


Dynamic Bit 





Static Bit 


12 11 


14 13 
ro fe [e[o[:[o[o]o| wwe | iw aaien 


15 10 9 


8 7 6 5 4 3 


2 1 0 


Bit Type Codes: TST = 00, CHG = 01, CLR = 10, SET = 11 


MOVEP 
15 14 13 12 #211 «210 = «9 


7 6 5 4 3 2 1 0 


ro [oe [oe | fess [ ormoe [o [o [1 | footw | 


Op-Mode, Word to Reg = 100, Long to Reg = 101, Word to Mem = 110, Long to Mem = 111 


OR Immediate 


15 14 13 12 11 10 9 


8 7 6 5 4 3 


2 1 0 


9 fo fofo}lofot}o fo | sie | Effective Address | 


AND immediate 


15 14 13 12 11 10 9 


8 7 6 5 4 3 


2 1 0 


rofe[olefolo]+]o] am | ainda | 
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SUB Immediate 
18 14 #13 #12 #141 «410 #9—) 8 7 6 5 4 3 2 1 0 
fofolojolo|:]olo] sm |  eimwwauem | 
ADD Immediate 
168 14 #13 #12 #44 £€#10 #9~—) 8 7 6 5 4 3 2 1 0 
rofoyololo|+|[+]o] s= |  etmciwasren 
EOR Immediate 
168 14 #13 #12 #41 #10 #9 #8 #7 6 5 4 3 2 1 0 
roTefofo[ + [e[+ fo] sm | etecivAsen 
CMP Immediate 
16 14 #13 #12 «44°«10~«9 8 7 6 5 4 3 2 1 0 
fo toftofto{s1 {1 fofo} sie | _ EffectiveAddres 
(2) MOVE BYTE INSTRUCTION 
MOVE Byte 


16 114 #13 #42 = «11 10 9 8 7 6 § 4 3 2 1 0 


Destination Source 





Register 


(3) MOVE LONG INSTRUCTION 
MOVE Long 


14 13 8 7 6 5 4 3 2 1 0 


15 12 11 10 9 
Destination Source 
Register Mode Mode Register 


(4) MOVE WORD INSTRUCTION 


MOVE Word 
14 13 0 9 8 7 6 5 4 3 2 1 0 


18 12 11 1 
Destination Source 
Register Mode Mode Register 


(6) MISCELLANEOUS INSTRUCTIONS 
NEGX 
18 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
ro[+fofelo[olo[o] sm |  timiwacm | 
MOVE from SR 
18 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
ro[+telelepolele[+]1] testers 
CLR 
16 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


pots fotofofotsfo] sin Effective Address 
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NEG 


15 14 12 4 3 2 1 0 


11 
mas Timrcceiot aie Effective Address 


MOVE to CCR 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Cet+[ofo[o]1][oleo[t]1]  teawve sane | 





NOT 





16 14 #13 #12 «#11 #10 #9 #8 7 6 & 4 38 2 14 0 
[o [1 | 0 | 0 [o | 1 | 1 | 0 Size Effective Address 


MOVE to SR 


Ceti TeTolel [+ [els ]+] temas | 

















NBCD 
14 13 12 2 1 0 
See [o [0 ic al men EE = Z Effective Address | 
PEA 
15 14 13 12 11 10 — 9 ; 8 7 7 - 6 5 4 3 2 1 0 
fo ]1 fo ie o | _ | 0 | 0 | 0 | 0 | 1 | Effective Address | 
SWAP 


Co[i [ope yi [o[opele[+[e elo] rm —] 


MOVEM Registers to EA 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
refs tole[+][elolol+[s | ewe saan] 





EXTW 
15 14 #13 #12 #11 #10 S$ 8 7 6 5 4 3 2 #4 0 
ott fofo fs fofojto tr jo fofo]}o | Resist | 
EXTL 


14 
re [+tofe[+folele]+]+]e]o]o] rate — 


TST 
14 13 12 11 4 3 2 1 0 
cece ce Se ae ae Effective Address 
TAS 


14 13 12 11 4 3 2 1 0 


un wile a 
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MOVEM EA to Registers 


TRAP 


LINK 


UNLK 


16 14 #13 #12 ~«211 10 5 4 3 2 1 0 


9 8 7 6 
pt ftofolts ts fofo ls {se} ettectieadares | 


16 14 #713 #12 ~«°11 10 3 2 1 0 


9 8 7 6 5 4 
pr tofotr {str fofofs foto} vector | 


16 14 #13 #12 ~«11 10 


9 8 7 6 5 4 3 2 1 0 
ott fofot rte ttfofto ts {oft fo | Register 


1§ 14 #13 #12 ~«21 10 2 1 0 


9 8 7 6 5 4 3 
fo [+ ftofofts ists fofof{sfo }s |r | Resister 


MOVE to USP 


168 14 13 #12 ~~ «11 10 5 


9 8 7 6 4 3 2 1 0 
fo Ts fofots {str foto fs {so fo]  Resister 


MOVE from USP 


RESET 


NOP 


STOP 


RTE 


RTS 


TRAPV 


16 14 #13 #12 ~«141 10 


9 8 7 6 5 4 3 2 1 0 

1§ 114 #13 #12 ~«*11 10 9 8 7 6 5 4 3 2 1 0 
ERED ERR EER EAR ERE ER SER EES 
18 14 13 12 11 10 9 8 7 6 5 4 3 | 2 1 0 
ER ES ES ee SES ERE SER EWES ER EERE 


1§ 114 #13 #12 = «11 10 9 8 7 6 § 4 3 2 1 0 


1§ 14 #13 #12 = «11 10 9 8 7 6 5 4 3 2 1 0 


16 14 #13 «#«72¢~«11 10 9 8 7 6 5 4 3 2 1 i) 


16 14° 13 2 «#411 10 9 8 7 6 5 4 3 2 1 0 
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RTR 
15 14 #13 #12 «14 #10 #9 #8 7 6 & 4 3 2 4 0 
Pet oO Sh Or (ae [ae A [OO a ay a Aa Oe a et 
JSR 
15 14 #13 «12 #11 «10 9 #8 7 6 5&5 4 3 2 1 «0 
ree 1 Fo | + | o | Effective Address 
JMP 
15 14 #13 #12 #1419 «10 9 #8 7 6 5&5 4 3 2 14. 0 
WiNCR SEO Ae CA KR KE EAST ee 
CHK 
15 14 #13 #12 °11 #10 #9 #8 7 6 &S§ 4 3 2 14 «0 
1 fo | o | Register | 1 | 1 oe Effective Address 
LEA 


15 14 13 12 5 4 3 2 1 0 


11 10 9 8 7 6 
C+ [To [oe [ rome [ss ]+]  erecienaten | 


(6) ADD QUICK, SUBTRACT QUICK, SET CONDITIONALLY, DECREMENT INSTRUCTIONS 


ADDQ 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
[1 fo fa | Data | 0 | Size | Effective Address | 
SUBQ 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
o [+ fo] |] om [1 | Se | EWietve Address 
Sec 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 (8) 
ESS Condition | 1 | 1 | Effective Address | 
DBcc 


15 14 13 12 11 10 9 


8 7 6 5 4 3 2 1 0) 
fos of: [ coniwn [a [roo]: | taiew | 


(7) BRANCH CONDITIONALLY, BRANCH TO SUBROUTINE INSTRUCTION 


Bec 
15 14 #13 #12 «11 10 #9 8 7 6 5 4 3 2 1 0 
Wee ee 
BSR 


16 14 13 7 6 5 4 3 2 1 0 


12 11 10 9 8 
Lo | 1 EXERESAS 8 bit Displacement 


(8) MOVE QUICK INSTRUCTION 


MOVEQ 
15 14 #13 «12 


11 10 9 8 7 
fo [e]t [1] wwe [oe oa 
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(9) OR, DIVIDE, SUBTRACT DECIMAL INSTRUCTIONS 


OR 16 14 #13 #12 «1% #10 #9 8 7 6 §5§ 4 3 2 14 0 
[+ To [o]o] rms | opmow | ttnctiwaaien 
Op-Mode 
B WoL 
000 001 010 On v EA>Dn 
100 101 110 EAvOn-EA 
DIVU 
1§ 14 #13 12 14 #10 9 #8 7 6 § 4 3 2 +14 0 
| 1 | o | o [o | Register | o | 1 | 3 Effective Address 
DIVS 
16 14 #13 #12 «11 «10 9 8 7 6 § 4 3 2 +1 90 
[+ [ofo[o] rem [1 [+ ]1]  etectweadin 
sBCD 


14 #13 #«12~«272 10 9 


16 8 7 6 5 4 3 2 1 0 
Register 


R/M (register/memory): register — register = 0, memory — memory = 1 


(10) SUBTRACT, SUBTRACT EXTENDED INSTRUCTIONS 





SUB 16 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
, Effective Address 
Op-Mode 
8 Ww L 
000 001 010 On—EA >On 
100 101 110 EA-—On ~>EA 
— 011 111 An—EA -> An 
SUBX 


14 = 13 12 «11 


15 10 9 8 7 6 5 4 3 2 +1 ~ «0 
Register 


R/M (register/memory): register — register = 0, memory — memory = 1 


(11) COMPARE, EXCLUSIVE OR INSTRUCTIONS 


CmpP 
168 #14 ~«130°12=~«C«Sisi‘<i‘ CellC BKlUCDttCOSC<C“CGH!™SCSCSHC(‘<i‘ “]!’SCOkttCDC 
Ce Te [t+] mene [tenon | een anew | 
Op-Mode 
BW iL 
000 001 010 Dn-EA 
— O11 111 An—-EA 
CMPM 16 14 #13 #12 «91 «100 9 8 7 6 5&5 4 3 2 14 0 
f+ [oo {1 | 1 | Register | 1 | sie | o | o {+ | Register | 
EOR 


16 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Oo 
eto [sft] peo [0] Se | ete Acces 
(12) AND, MULTIPLY, ADD DECIMAL, EXCHANGE INSTRUCTIONS 
AND 





4 #13 #«12~«191 10 9 5 4 3 2 1 0 


16 8 7 6 

| 1 [1 | 0 | o | Register |  OpMode | Effective Address 
Op-Mode 

B OUW L 

000 001 010 On AEA>Dn 

100 101 110 EA AOn->EA 
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MULU 


MULS 


ABCD 


EXGD 


EXGA 


EXGM 


15 14 4 3 2 1 0 


Le Te [oreo Do |e 


9 8 7 6 5 
eT To fo [reo [a [1 [+] teams asses | 


0 


9 8 7 6 5 4 3 2 1 
___ Register 


R/M (register/memory): register — register = 0, memory — memory = 1 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


1 [1 [0] 0 | Data Register | | 0 | 1 | 0 fo | o | Data Register 


| 


15 14 


CL Pe Le [renner [1 [ols Le [oe [1 [nate teem 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 





(13) ADD, ADD EXTENDED INSTRUCTIONS 


ADD 


ADDX 


6 5 4 3 2 1 0 


14 


Op-Mode 
B Ww L 
000 001 010 Dn +EA>ODOn 
100 101 110 EA+Dn-EA 
— O17 111 An +EA~>An 


14 
Destinat 
Register 


ii 


R/M (register/memory): register — register = 0, memory — memory = 1 


(14) SHIFT/ROTATE INSTRUCTIONS 


Data Register Shifts 


7 6 5 4 3 2 1 0 


14 
CT Lt [0 | enminatir [To [a Lv 


Memory Shifts 


13 12 11 10 9 8 7 6 5 4 3 2 1 0 


1514 
[1 | 1 [41 [o ]o | tye | a |i [1 | Effective Address 


Shift Type Codes: AS = 00, LS = 01, ROX = 10, RO= 11 
d (direction): Right = 0, Left = 1 
i/r (count source): Immediate Count = 0, Register Count = 1 
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® INSTRUCTION EXECUTION TIMES 

The following paragraphs contain listings of the instruction 
execution times in terms of external clock (CLK) periods. 
In this timing data, it is assumed that both memory read and 
write cycle times are four clock periods. Any wait states caused 
by a longer memory cycle must be added to the total instruc- 
tion time. The number of bus read and write cycles for each 
instruction is also included with the timing data. This data is 
enclosed in parenthesis following the execution periods and 
is shown as: (r/w) where r is the number of read cycles and 
w is the number of write cycles. 


(NOTE) The number of periods includes instruction fetch and all ap- 
plicable operand fetches and stores. 


@ EFFECTIVE ADDRESS OPERAND CALCULATION 

TIMING 

Table 27 lists the number of clock periods required to com- 
pute an instruction’s effective address. It includes fetching 
of any extension words, the address computation, and fetch- 
ing of the memory operand. The number of bus read and 
write cycles is shown in parenthesis as (r/w). Note there are 
no write cycles involved in processing the effective address. 


@ MOVE INSTRUCTION CLOCK PERIODS 

Table 28 and 29 indicate the number of clock periods for 
the move instruction. This data includes instruction fetch, 
operand reads, and operand writes. The number of bus read 
and write cycles is shown in parenthesis as: (r/w). 


® STANDARD INSTRUCTION CLOCK PERIODS 
The number of clock periods shown in Table 30 indicates 


HD68000/HD68HCO000 


the time required to perform the operations, store the results, 
and read the next instruction. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number 
of clock periods and the number of read and write cycles must 
be added respectively to those of the effective address calcula- 
tion where indicated. 

In Table 30 the headings have the following meanings: An = 
address register operand, Dn = data register operand, ea = an 
operand specified by an effective address, and M = memory 
effective address operand. 


@ IMMEDIATE INSTRUCTION CLOCK PERIODS 

The number of clock periods shown in Table 3! includes 
the time to fetch immediate operands, perform the operations, 
store the results, and read the next operation. The number of 
bus read and write cycles is shown in parenthesis as: (r/w). 
The number of clock periods and the number of read and write 
cycles must be added respectively to those of the effective 
address calculation where indicated. 

In Table 31, the headings have the following meanings: 
# = immediate. operand, Dn = data register operand, An = ad- 
dress register operand, M = memory operand, CCR = condition 
code register, and SR = status register. 


@ SINGLE OPERAND INSTRUCTION CLOCK PERIODS 

Table 32 indicates the number of clock periods for the 
single operand instructions. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 


Table 27 Effective Address Calculation Timing 


Addressing Mode Long 

Register 
Dn Data Register Direct 0(0/0) 0(0/0) 
An Address Register Direct 0(0/0) 0(0/0) 

Memory 
An® Address Register Indirect 4(1/0) 8(2/0) 
An@ + Address Register Indirect with Postincrement 4(1/0) 8(2/0) 
An@ - Address Register Indirect with Predecrement 6(1/0) 10(2/0) 
An@(d) Address Register Indirect with Displacement 8(2/0) 12(3/0) 
An@(d, ix)* Address Register Indirect with Index 10(2/0) 14(3/0) 
xxx. W Absolute Short 8(2/0) 12(3/0) 
xxx. L Absolute Long 12(3/0) 16(4/0) 
PC@(d) Program Counter with Displacement 8(2/0) 12(3/0) 
PC@(d, ix)* Program Counter with Index 10(2/0) 14(3/0) 
#xxx Immediate 4(1/0) 8(2/0) 


* The size of the index register (ix) does not affect execution time. 
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Table 28 Move Byte and Word Instruction Clock Periods 




























































Destination 
Source [pn [an | An@ | An@+ | An@- | An@id) [An@(d,m)*| 00,W | xxx 
Dn 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(2/1) 12(2/1) 16(3/1) 
An 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(2/1) 12(2/1) 16(3/1) 
An@ 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 
An@ + 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 
An@ - 10(2/0) 10(2/0) 14(2/1) 14(2/1) 14(2/1) 18(3/1) 20(3/1) 18(3/1) 22(4/1) 
An@(d) 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1) 
An@(d, ix)* 14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(3/1) 22(4/1) 24(4/1) 22(4/1) 26(5/1) 
xxx. W 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1) 
xxx. L 16(4/0) 16(4/0) 20(4/1) 20(4/1) 20(4/1) 24(5/1) 26(5/1) 24(5/1) 28(6/1) 
PC@(d) 12(2/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1) 
PC@(d, ix)* 14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(3/1) 22(4/1) 24(4/1) 22(4/1) 26(5/1) 
#xxx 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 
* The size of the index register (1x) does not affect execution time 
Table 29 Move Long Instruction Clock Periods 
ree Destination 
| Dn {| An | Ane | An@- | An@id) [An@(d,1x)* | rox.W | soo. 
Dn 4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/2) 
An 4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/2) 
__An@ 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 
An@ + 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 
An@ - 14(3/0) 14(3/0) 22(3/2) 22(3/2) 22(3/2) 26(4/2) 28(4/2) 26(4/2) 30(5/2) 
An@(d) 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2) 
An@(d, ix)* 18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2) 
xxx. W 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2) 
xxx. b 20(5/0) 20(5/0) 28 (5/2) 28(5/2) 28(5/2) 32(6/2) 34(6/2) 32(6/2) 36(7/2) 
PC@(d) 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2) 
PC@(d, tx)* 18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2) 
XXX 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 
* The size of the index register (1x) does not affect execution time 
Table 30 Standard Instruction Clock Periods 
Instruction | Swe | op<ea>, An | op<ea>,Dn__| op Dn, <M> 
ee “4(170)+ a(i/1)+ 
Long 6(1/0) + ** 6(1/0) + ** 12(1/2) + 
ano Brewers [= atv ait) 
| tong | ttf + ** 12(1/2) + 
= aio) «(10+ - 
6(1/0) + 6(1/0) + 5 
oivs 81701 +* : 
DIVU P= 4001/0) + * = 
EOR 4(1/0) a 8(1/1) + 
12(172)+ 
mus] iON - 
MULU es ee ES ~ 
- __Byte,Word | s+ 8(1/1) + 
tong tO + ** 12(1/2) + 
aie 8(1/0) + 4(1/0) + 8(1/1) + 
sos [wae 


+ add effective address calculation time 
* indicates maximum value 


** total of 8 clock periods for instruction if the effective address is register direct 
*** only available effective address mode is data register direct 


DIVS, DIVU 
MULS, MULU 


986 


— The divide algorithm used by the 68000 provides less than 10% difference between the best and worst 
case timings. 
— The muitiply algorithm requires 38+2n clocks when n ts defined as 
MULU;n = the number of ones in the < ea > 
MULS;n = concatanate the < ea > with a zero as the LSB; n is the resultant number of 10 or 01 
patterns in the 17-bit source, 1.e worst case happens when the source is $5555. 


© HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HD68000/HD68HCO000 


Table 31 Immediation Instruction Clock Periods 


Instruction —Sie___op#.0n_| op An 1 op-#.M_ op #, CCR/SR 
pom 8(2/0) 12(2/1) + 
16(3/0 - 
4(1/0) 8(1/1) + - 


ADDQ 
t 
‘ANDI Byte, Word 8(2/0) 




















20(3/0) 
: 
: 
rly 14(3/0) . 
en 8(2/0) -12(2/1) + 20(3/0) 
zoam)+ [ 
MOVEQ | 4(1/0) | a 
ani f 12(2/1) + 20(3/0) 
‘eta | =~ 20aaye 


sur |_ByteWord | 8120) |  - ‘(| _i2i2/ty+ - 

— | 2018/2) + = 
4(1/0) 8(1/0)* 8(1/1) + - 
ess 


+ add effective address calculation time 





SUBQ 




















* word only 
Table 32 Single Operand Instruction Clock Periods 

= aint) 
0 a ETE 

NBCD 6(1/0) 8(1/1) + 
1 1) + 

NEG Byte, Word 4(1/0) 8(1/1) 4 
6(1/0) 12(1/2) + 

ses 4(1/0) 8(1/1) + 
6(1/0) 12(1/2) + 

1 

= aio) | ays 
6(1/0) 12(1/2) + 

z 4(1/0) 8(1/1) + 
ce Byte, True 6(1/0) 8(1/1) + 
TAS Byte 4(1/0) 10(1/1) + 
a io) | anor 
av avo) 


+ add effective address calculation time 


© SHIFT/ROTATE INSTRUCTION CLOCK PERIODS 

Table 33 indicates the number of clock periods for the shift 
and rotate instructions. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively io those of the effective address calculation where 
indicated. 


@ BIT MANIPULATION INSTRUCTION CLOCK PERIODS 

Table 34 indicates the number of clock periods required for 
the bit manipulation instructions. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number of 
clock periods and the number of read and write cycles must be 
added respectively to those of the effective address calculation 
where indicated. 
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@ CONDITIONAL INSTRUCTION CLOCK PERIODS 

Table 35 indicates the number of clock periods required for 
the conditional instructions. The number of bus read and write 
cycles is indicated in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 


@ JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK 
PERIODS 
Table 36 indicates the number of clock periods required for 
the jump, jump to subroutine, load effective address, push effec- 
tive address, and move multiple registers instructions. The num- 
ber of bus read and write cycles is shown in parenthesis as: (r/w). 


Table 33 Shift/Rotate Instruction Clock Periods 


instruction _ | __—Size__—| Register| Memory 
Byte, Word 6 + 2n(1/0) 8(1/1) + 
6 + 2n(1/0) 8(1/1) + 
pala 8 + 2n(1/0) - 
6 + 2n(1/0) 8(1/1) + 
aii B+ 2n(1/0) : 
6+2n(1/0) | —_8(1/1) + 


ROXR, ROXL 


8+ anit) : 


Table 34 Bit Manipulation Instruction Clock Periods 





Instruction Sie - 
a 
___Long 8(1/0) 
se | 
BCLR 
me 10(1/0)* 
ae - 
ae 8(1/0) 
= : 
Long 6(1/0) 


+ add effective address calculation time 
* indicates maximum value 


Sati 





Memory 
Pawn+ | - | tas 
es 
| B+ | = 1202/1) + 
ee 
=| 1200/14 
- 12(2/0)* - 
4(1/oy+ | — | 8(2/0)+ 
ee 


Table 35 Conditional Instruction Clock Periods 


rap or Branch Trap of Branch 


Instruction Displacement Not Taken 
= "8(1/0) 
; [Word | =«t02/0)——=«|=SSS=«t 12/0) 
- 
ws [Word «| Sisto) CS z 
- 
oe Word «d| Sita) z 
os 7, 
14(3/0) 
CHK ee a 0 
trap | SC~*dSC(‘té‘tYC*d' : 
TRAPV | SBS) 


+ add effective eddress calculation time 
* indicates maximum value 
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Table 36 JMP, JSR, LEA, PEA, MOMEM Instruction Clock Periods 






































Instr re eee PC@(ad, ix)" 
symp | 6 ——{_8(2/o) | — | = ~—stsst0(2/0) | 1.4(3/0) 12(3/0) 14(3/0) 
sR | - | veam{ - | - | ween 20(3/2 2212/2 
ica | - | awm{ - | - | so] 1220) Bi2/0) | _12(2/0) 
PEA | — = [| s12/2)} {= ssa) | = 20(2/2) | 16(2/2) | 20(3/2) | 16(2/2) | —_-20(2/2) 
MOVEM | Word 12+4n ae | Paoiligae van 16+4n | 20+4n | 16+4n 18+4n 
(3+n/0) | (3+n/0) (4+n/0) | (4+n/0) | (4+n/0) | (5+n/0) | (4+n/0) | (4+n/0) 
ee 12+Bn ark 16+8n 16+8n | 20+8n | 16+8n 18+8n 
(3+2n/0) | (3+2n/0) (44+2n/0) | (4+2n/0) | (4+2n/0) | (5+2n/0) | (44+2n/0) | (4+2n/0) 
tie gan | =| aan | 32m (aan | wan | =| 





nis the number of registers to move 
* is the size of the index register (ix) does not affect the instruction’s execution time 


@ MULTI-PRECISION INSTRUCTION CLOCK PERIODS 
Table 37 indicates the number of clock periods for the multi- 

precision instructions. The number of clock periods includes 

the time to fetch both operands, perform the operations, store 


the results, and read the next instructions. The number of read 
and write cycles is shown in parenthesis as: (r/w). 

In Table 37, the headings have the following meanings. Dn = 
data register operand and M = memory operand. 


Table 37 Multi-Precision Instruction Clock Periods 


Instruction | Size | op Dn,Dn__ | __ op M, M 
Byte, Word 4(1/0) 18(3/1) 

xEBS | Byte, Word 
8(1/0) 30(5/2) 
| Byte,Word | = | 12(3/0) 

CMPM 

tong | 2005/0) 
4(1/0) 18(3/1) 
aah 8(1/0) 30(5/2) 
ABCD 6(1/0) 18(3/1) 
SBCD 6(1/0) 18(3/1) 


@ MISCELLANEOUS INSTRUCTION CLOCK PERIODS 

Table 38 indicates the number of clock periods for the fol- 
lowing miscellaneous instructions. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number of 
clock periods plus the number of read and write cycles must be 
added to those of the effective address calculation where indi- 
cated. 


@ EXCEPTION PROCESSING CLOCK PERIODS 

Table 39 indicates the number of clock periods for exception 
processing. The number of clock periods includes the time for 
all stacking, the vector fetch, and the fetch of the first instruc- 
tion of the handler routine. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). 
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Instruction 
MOVE from SR 
MOVE to CCR 
MOVE to SR 


MOVEP 
EXG 
EXT 


LINK 

MOVE from USP 
MOVE to USP 
NOP 

RESET 

RTE 

RTR 

RTS 

STOP 

SWAP 

UNLK 


Table 39 Exception Processing Clock Periods 
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Table 38 Miscellaneous Instruction Clock Periods 


Le 


ee ee 
Ce 
1. BR 
Pe 
eed 


Register > Memory 


16(2/2) 


Long 24(2/4) 


Long 


ee SEH 
ew 
ee RE 
[2060 |= 
Ca 
400) | 
avo) | 
CC 


+ add effective address calculation time 


* MASK VERSION 


Exception Periods Type Ne: 
Reset** 38.5 (6/0) HD68000-8 
Address Error 50(4/7) HD68000-10 
Bus Error 50(4/7) dlstidcdcttade 
Interrupt 44(5/3)* HD68000¥8 
INlegal Instruction 34(4/3) HD68000*-10 
Privileged Violation 34(4/3) HD68000Y-12 
Trace 34(4/3) 
" HD68000R8 
: Hed pak bck caricak a cycle is assumed to take HD68000PSs 
** Indicates the time from when RES and HALT are first HD68000CR8 


sampled as negated to when instruction execution starts. 





Memory > Register 


16(4/0) 
24(6/0) 


Mask version 


6800081 


68000U 


The difference of function between mask version 68000S1 
and 68000U is only as following (Figure 59). 
The function of HD68HC000 is as same as mask version 


68000U. 
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SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 $5 S6 S7 SO S$! S2 S3 S4 S5 





Aerr Approx 8 Clocks : 
|+———-Reaa +> —— rg, —_+} Ao idle tas fe Write Stack -—————__—__> 


Broken line: mask version 68000U and HD68HCOO00. 
Figure 59 Address Error Timing 


= NOTE FOR USE 
® Power Supply Circuit 

When designing Voc and Vsg pattern of the circuit board, 
the capacitors need to be located nearest to Voc and Vsg as 
shown in the Figure 60. 









OOo GOO. 
LINISSOIOOO, 
pigtails 





(Top View) (Bottom View) (Top View) 
(a) DIP (b) PGA (c) PLCC 


1uF/35V Tantalum Capacitor (2 pairs) 





Figure 60 Power Supply Circuit 
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Hitachi America, Ltd. 

1900 McCarthy Boulevard, Suite 310 
Milpitas, CA 95035 

Telephone: 408-954-8100 

Fax: 408-954-0499 


SOUTHEAST REGION 
Hitachi America, Ltd. 

5511 Capital Center Drive, Suite 204 
Raleigh, NC 27606 

Telephone: 919-233-0800 

Fax: 919-233-050 

SOUTH CENTRAL REGION 
Hitachi America, Ltd. 

Two Lincoln Centre, Suite 865 
5420 LBJ Freeway 

Dallas, TX 75240 

Telephone: 214-991-4510 

Fax: 214-991-6151 


SOUTHWEST REGION 
Hitachi America, Ltd. 

2030 Main Street, Suite 450 
Irvine, CA 92714 
Telephone: 714-553-8500 
Fax: 714-553-8561 


AUTOMOTIVE REGION 
Hitachi America, Ltd. 

330 Town Center Drive, Suite 311 
Dearborn, MI 48126 

Telephone: 313-271-4410 

Fax: 313-271-5707 


TELECOM REGION 

Hitachi America, Ltd. 

325 Columbia Turnpike, Suite 203 
Florham Park, NJ 07932 
Telephone: 201-514-2100 

Fax: 201-514-2020 





DISTRICT OFFICES 


Hitachi America, Ltd. 

3800 W. 80th Street, Suite 1050 
Bloomington, MN 55431 
Telephone: 612-896-3444 

Fax: 612-896-3443 


Hitachi America, Ltd. 

21 Old Main Street, Suite 104 
Fishkill, NY 12524 
Telephone: 914-897-3000 
Fax: 914-897-3007 


Hitachi America, Ltd. 

6161 Savoy Drive, Suite 850 
Houston, TX 77036 
Telephone: 713-974-0534 
Fax: 713-974-0587 


Hitachi America, Ltd. 

4901 N.W. 17th Way, Suite 302 
Fort Lauderdale, FL 33309 
Telephone: 305-491 -6154 

Fax: 305-771-7217 


Hitachi America, Ltd. 

4600 S. Uister Street, Suite 700 
Denver, CO 80237 

Telephone: 303-740-6644 

Fax: 303-740-6609 


Hitachi (Canadian) Ltd. 

320 March Road, Suite 602 
Kanata, Ontario, Canada K2K 2E3 
Telephone: 613-591-1990 

Fax: 613-591-1994 





MANUFACTURING FACILITY 
Hitachi Semiconductor (America) Inc. 


6321 East Campus Circle Drive 
Irving, TX 75063-2712 


Technical product or pricing questions can be answered by your nearest Hitachi office. 


ENGINEERING FACILITY 
Hitachi Micro Systems, Inc. 
180 Rose Orchard Way 


San Jose, CA 95134 


You may order product literature either by calling your nearest Hitachi office or by calling 1-800-285-1607. 
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Our Standards Set Standards 


Hitachi America, Ltd. 

Semiconductor & |.C. Division 

Hitachi Plaza 

2000 Sierra Point Parkway, Brisbane, CA 94005-1819 
4-415-589-8300 


991/40M/GI/LP/MC 
Order Number: M241T132 








